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ABSTRACT

Cowpeas {Vigna unguiculata (L.) Walp] of Coronet, Mississippi
Silver (MSC), and White Acre (WA) cultivars were harvested at 3
maturities. MSC had the greatest amount of tannins; WA,the least amount.

Testa of cowpea had the greatest amount of tannins while whole cowpea

and its cotyledons had the least amount. Measurements were made on
cowpeas to determine effects of cultivar and maturity on color,

cotyledon:testa ratio, hydration coefficient, tannin content, and tannin
polymerization. Extraction efficiency of tannin increased as amount of
sample decreased. A major portion of tannins may be removed from
cowpea by cooking in water and discarding the liquid.
Tannins were extracted from MSC and black tea and added to diets

that were fed to rats. Diets contained 0.057, 0.171, and 0.570 mg tannins/g

diet. Ingestion of tannin from MSC or tea did not affect PER, growth rate,
in vivo apparent digestibility, nitrogen excretion, liver weight, or nitrogen
content of liver. However, the source of tannin affected absorption of

calcium, magnesium, and iron. Diets with tannins isolated from MSC
caused higher concentration of plasma calcium and sodium, but not

magnesium, than the control diet; tea tannin produced higher calcium
concentration only. Source and level of tannins had no effect on ash and
calcium contents of the rat's left femur. MSC-derived tannins increased the

concentration of magnesium in the femur when compared with control diet
or tea-derived tannins.
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CHAPTER I

INTRODUCTION

Tannins are high-molecular-weight, phenol-rich polymers that exist
in many foods such as beverages, cereals, legumes, fruits, coffee, and tea.
Amounts of tannins vary widely with cultivar and conditions of processing

the food products. It is difficult to understand the dietary appeal of tanninrich, but nutrient-poor, foodstuffs such as tea (McGee, 1984). Tannins have
been reported to affect the quality of grain for both animal and human

consumption. Man consumes a variety of foods that contain considerable
amounts of dietary tannins; the average consumption is approximately 400
mg/day (Reddy et al., 1985).

Usually, condensed tannin content was determined according to the
modified vanillin-HCl method of Price et al. (1978). However, the vanillin

assays have been criticized for lack of controllable parameters (Salunkhe et

al., 1982). These parameters include the following: particle size of sample,
extraction medium, adequacy of catechin as a standard, vanillin
concentration, and concentration of HCl (Deshpande and Cheryan, 1985;
Price and Butler, 1977; Price et al., 1978). In addition, inherit

characteristics of the sample itself might influence the result of vanillin
reaction. Therefore, factors which influence determination of tannin

content should be investigated.

Tannin-protein interaction phenomena, long believed to be
responsible for the formation of astringency in unripe fruits and various

beverages (Pattee, 1985), may decrease nutritional quality of some cereals
1

and legumes (Salunkhe et al., 1982) and inactivate certain digestive
enzymes (Milic et al., 1972; Oh and Hoff, 1986; Tamir and Alumot, 1969).

Binding between tannins and proteins is due to multiple hydrogen bond
formation between hydroxyl groups of tannins and carbonyl groups of

protein (Goldstein and Swain, 1963; Loomis and Battaile, 1966). Other
investigators reported that hydrophobic interactions could be the more
important forces in the formation of tannin-protein complexes (Hagerman
and Butler, 1980; Oh et al., 1980). Tannin-protein interactions remain
poorly understood.

The cowpea [Vigna unguiculata (L.) Walp], also known as southem

pea in the United States, contains 25.65% protein [dry weight basis (DWB)l
which is much less than the protein level in soybean (39.09% DWB).

However, cowpea contains only 1.81% fat compared to 19.71% fat in
soybean (Djurtoft, 1982). Cowpea may be a major protein source in areas
where soybean is not available and is the most important legume in West
Africa (Phillips and McWatters, 1991).

Cowpeas may contain tannin levels (0 to 0.7%) sufficient to cause
concern for nutritional quality (Price et al., 1980a). Tannins had adverse

effects on chick growth according to Chang and Fuller (1964); however,
Damron et al. (1968) found no growth depression in chicks. Maxson et al.
(1973) found that the catechin equivalent and tannic acid values were not

correlated to protein efficiency ratio (PER) or weight gain. Thus, it is
unclear what level of tannins would be noticeably harmful to human

nutrition when legumes, coffee, or tea are consumed.

One of the objectives of this research was to determine optimal
conditions for tannin extraction and analysis in cowpea and black tea. The
2

second objective was to investigate the processing effect on the tannin
content of the whole cowpea and cotyledon and testa of the cowpea. The
third objective was to investigate the effect of consuming purified tannins

from cowpea and tea on PER, in vivo apparent digestibility, liver nitrogen,
percentage of liver weight, mineral absorption, mineral content of plasma,
and ash and mineral contents of the left femur on weanling rats.

CHAPTER II

REVIEW OF LITERATURE

Tannins are phenolic compounds with molecular weights ranging

between 500 and 3,000 daltons and have ability to complex with alkaloids,
polysaccharides, and proteins. Generally, tannins are classified into 2 major

groups: condensed tannins and hydrolyzable tannins. Condensed tannins are
proanthocyanidins that yield reddish color (Hemingway and Karchesy,
1988). These tannins are polymers of flavan-3-ols (catechin and

epicatechin) and flavan-3,4-diols (leucocyanidin and leucodelphinidin)
linked by a carbon-carbon bond between C-4 of one unit and C-6 or C-8 of

another. Condensed tannins are depolymerized oxidatively to anthocyandin
pigment in hot, strong acid. Hydrolyzable tannins possess a carbohydrate
core such as glucose that is esterified by polyphenolic acids, e.g., gallic or

hexahydroxy diphenolic acids (Salunkhe et al., 1982). Tannic acid is a
hydrolyzable tannin that yields upon hydrolysis glucose and 7 or less moles
of gallic acid/mole of glucose.
Polyphenols in many edible plants have received increasing attention
as a result of their influence on nutritional quality and physiological

functions (Nishizawa et al., 1983; Salunkhe et al., 1982). Recently, the
category of tannin has received a greater attention for their possible

medical applications. In a mice study, a green tea tannin extract containing
(-)-epigallocatechin gallate (EGCG) was found to possess resistance to
chemical carcinogens (Charles, 1991). This compound was not found in
black tea which receives a greater degree of fermentation than green tea.
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Also, EGCG and (-)-epicatechin gallate, tannin components purified from
Camellia sinensis (tea plant), had an inhibitory effect on HIV (human
immunodeficiency virus) reverse transcriptase (Nakane and Ono, 1990).
Saura-Calixto (1988) found that the protein-tannin complex caused over-

estimation of dietary fiber in pulp of carob pods which was used as a cocoa
powder substitute. The changes in color and nutritional quality that
occurred during postharvest storage and processing of cereals, fruits, and
legumes have been associated partly with the reaction of phenolic
substances (Salunkhe et al., 1982). The total measurable amount of

condensed tannins in black beans was dependent upon the age and the

storage conditions of the bean (Sievwright and Shipe, 1986).
Polymerization of tannins and tannin-protein binding could reduce the
amount of measurable tannins in foodstuffs.

1. Occurrence of Tannins

Tannins are distributed broadly in the plant kingdom. Tannins occur
in many tissues including bud, leaf, root, seed, and stem (Hemingway and
Karchesy, 1988). Cocoa, cotton, tomato, and tea contain a rich quantity of
condensed tannins in leaf tissues (Bhatia et al., 1972; Hemingway and

Karchesy, 1988; Jalal and Collins, 1977; Waage et al., 1984). Young leaves
of cotton with high levels of catechin, gallocatechin, and condensed tannins
were more resistant to verticillium wilt than older leaves (Howell et al.,

1976; Mace et al., 1978). In tomato, a greater concentration of tannins has
been found in the disease-resistant cultivars compared to disease-susceptible

cultivars (Bhatia et al., 1972). However, disease-resistant soybean cultivars
contained no condensed tannins in the leaves (Chiang and Norris, 1983).
Condensed tannins occur in many foods and beverages, even in the
very popular betel nut, chewed in Asiatic countries (Stich et al., 1983).
Dietary tannins from tea, betel nut, and tobacco have been linked to the
cancer of the esophagus based on epidemiological studies on the human
food consumption patterns (Kapadin et al., 1983; Stich et al., 1983).
Tannins or related polyphenols of sorghum have agronomic benefits
such as resistance to bird depredation (Tipton et al., 1970), preharvest seed
germination (Harris and Bums, 1970), preharvest seed molding (Harris
and Bums, 1973), and aphid attack (Dreyer et al., 1981).

2. Complexing of Tannins with Proteins and Polysaccharides

A. Complexing of Tannins with Proteins

Multiple hydroxyl groups provide tannins the ability to bind and
precipitate or aggregate proteins. In addition to hydrogen bonding,
hydrophobic bonding also might play an important role in association of
tannin and protein (Hagerman and Butler, 1980). At low concentrations of
protein, aggregation and precipitation are caused by association between
tannin and 1 or more sites on the protein surface which makes the surface

less hydrophilic than protein itself. At high concentrations of protein,

precipitation is caused by the complexing of tannins onto protein and by
cross-linking of different protein molecules (Haslam, 1989). Studies have
analyzed the relative affinity of tannins for proteins using gelatin (Calderon

et al., 1968), 6-glucosidase (Haslam, 1974), and bovine serum albumin
(Amory and Schubert, 1987).
Protein differs in its affinity for tannin. Protein with high tannin
affinity tends to have loose conformation, possess high molecular weight,
and contain a high content of proline or hydrophobic amino acids
(Hagerman and Butler, 1981). In contrast, tightly coiled proteins have less
affinity for tannins than conformationally loose proteins. Calderon et al.
(1968) found that alcohol decreased the affinity of tannin for gelatin and

the solubility of tannin-gelatin complexes. Also, there was no difference in
tannin-gelatin precipitation between pH 3.5 and 5.0. Sorghum tannin
molecules which are relatively short during early seed development did not
precipitate protein effectively. When the seed was dried, the tannins
polymerized to approximately 6 flavan-3-ol units/molecule (Butler et al.,
1984). Asquith and Butler (1986) studied the relative affinities of
condensed tannins purified from sorghum, quebracho, pinto bean, and

wattle for 6 proteins [bovine serum albumin, fetuin, gelatin, GP-66sm (a
mouse salivary proline-rich protein), ovalbumin, and soybean trypsin
inhibitor] and concluded that interactions of tannin and protein were

specific for different tannins as well as for different proteins.
B. Complexing of Tannins with Polysaccharides

The hydroxyl group plays a primary role in the interaction of
tannins and polysaccharides. However, the position of the hydroxyl group
may influence the nature of binding. The bindings between tannins and
polysaccharides are from the secondary hydroxyl group face (C-2, C-3) or

the cavity of cyclodextrin (Gaffney et al., 1986). In polyphenol-157

cyclodextrin complexing, the primary hydroxyl group (C-6) is free to
rotate. Thus, it partially blocks the entrance to the cavity and decreases
accessibility more so than the complexing involves the fixed secondary
hydroxyl groups (C-2, C-3). Although the binding of tannins and
carbohydrates might be too weak to detect (Asquith and Butler, 1986),
Gaffney et al. (1986) found that polysaccharides such as cycloamylose
developed a secondary structure, thus binding polyphenols more effectively
at the molecular level than the open chain form. Molecular size and shape,
conformational flexibility, and mobility are the major factors influencing
complexing of polysaccharides and polyphenols (Haslam and Lilley, 1988).
The binding of catechin to starch decreased in vitro digestibility by 6.7% to
15.5% of amylose, amylopectin, bush bean, Califomia kidney bean, potato
starch, and small red bean (Deshpande and Salunkhe, 1982). Davis and

Hoseney (1979) found that adsorption of condensed tannins by starch was
dependent upon sources of tannins and starch.

3. Relationship between Color and Tannins

Occurrence and interaction of polyphenols in some commodities are
beneficial, significantly contributing to pigment formation or disease
resistance in plants, while in other commodities the occurrence and

interaction of polyphenols are deleterious (Bhatia et al., 1972; Chiang and
Norris, 1983; Joslyn and Goldstein, 1964; Salunkhe et al., 1982). Apart
from the beneficial effects of phenols in baked cereal foods, black tea, and
roasted coffee, color changes or browning in some other food products

have been considered unwelcomed phenomena. Tannin content varied in
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common beans {Phaseolus vulgaris L) and was related to the color of seed

(Bressani and Elias, 1980; Deshpande and Cheryan, 1983). White seeds
contained very low or non-detectable levels of tannin, but black, bronze,

and red seeds contained higher amounts of tannins. Development of suitable
cultivars of faba beans free of tannin and compounds responsible for testa

darkening would likely enhance nutritional and organoleptic properties
(Marquardt et ah, 1978). Enzymatic browning in legumes might be the
result of oxidation and polymerization of polyphenols by catechol oxidase
present in the testa (Marbach and Mayer, 1974). Sievwright and Shipe
(1986) stated that the concentration of tannins in legumes was affected by

polyphenol oxidase activity. Oxidation of phenolic substances may occur

also by non-enzymatic reactions. It is not known whether the increase in
color is due to enzymatic or non-enzymatic browning. Darkening of the
testa might be due to polyphenol polymerization which may cause a change
in testa color.

4. Relationship between Taste and Tannins

Astringency is a sensation of taste. However, it is not similar to other
sensations of taste as sour, sweet, and bitter which are confined to a

particular region of the mouth or tongue (Joslyn and Goldstein, 1964). The

term astrigency was derived from the Latin phase ad stringere, meaning
the binding and precipitation capacity of astringents (Lyman and Green,
1990). Condensed tannins are the most common astringents in vegetable

and fruits (Joslyn and Goldstein, 1964; Pattee, 1985). Astringency has been

recognized in determining or developing quality and acceptability of fruits,
juices, teas, and wines.

Most astrigents also produce a bitter taste. Bitterness and dry
mouthfeel of 500 and 1,000 mg/L of tannic acid solution were reduced by
addition of sucrose or aspartame in a sensory study (Lyman and Green,
1990).

5. Processing Effect on Tannins

Antinutritional activity of tannins in legumes may be reduced by

processing methods such as cooking, dehulling, germination, and soaking

(Reddy et al., 1985; Shahidi and Naczk, 1989). Dehulling eliminates 6895% of the tannin content in dry beans (Deshpande et al., 1982). Small
amounts of tannin were removed by the dehulling of winged beans,

soybeans, and faba beans. Because tannins are located mainly in the testa
(seed coat) of beans, dehulling decreases the tannin content and improves

the nutritional quality of the bean. Although dehulling removed up to 98%
of the tannins in sorghum, protein loss of up to 45% also occurred;
particularly, measurable amounts of lysine, histidine, and arginine were
lost (Chibber et al., 1978).

Reichert et al. (1980) treated sorghum with imbibing 25% (w/w) of

water, 0.8N NaOH, or 0.8N HCl, consequently reducing tannins by 39, 97,

and 83%, respectively. Cooking not only destroyed trypsin inhibitors and
hemagglutinins but also removed some tannins, causing an increase in
protein quality (Elias et al., 1979). Deshpande and Cheryan (1983) found
that soaking greatly reduced the tannin content of dry pinto beans. Soaking
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is a common process used to soften the texture and reduce the cooking
times of beans. Rao and Deosthale (1982) found that cooking beans and
discarding the broth resulted in a reduction in the tannin content of black

gram (69.4%), chick pea (77%), green gram (71.9%), and pigeon pea
(58.4%). These researchers indicated that soaking beans in sodium

bicarbonate or mixed salt solutions was more effective for reducing tannins
than soaking in water. Although boiling in water or in dilute NaHC03

solution greatly decreased tannin content of sorghum. By comparing the

weight gain of rats. Price et al. (1980b) concluded that normal cooking did
not overcome the harmful effects of tannins in sorghum. Supplementing
sorghum with 0.5% NaHCOs improved the growth depression and feedgain ratio (Banda-Nyirenda and Vohra, 1990).
Kadam et al.(1987) studied the effect of heat treatment on the tannin

content of winged beans. Autoclaving at 120°C for 15 min reduced tannin
content by 33%. Beans infrared-heated 60 sec had 12% less measurable

tannins than untreated beans. Boiling for 30 min, winged bean presoaked
for 48 hr decreased tannins by 68%. However, no effect of microwave and
oven treatment was found on the tannin content of winged beans. No
significant difference in tannin content occurred between hot-soaked

(boiling water, 2 min) and cold-soaked (22°C, 12 hr) cowpeas (Ogun et al.,
1989). Cooking, under pressure at 103.5 kPa (15 psig) for 15 min,
decreased (31.0-47.3%) tannic acid of 10 cultivars of cowpeas (Ologhobo
and Fetuga, 1984).

Sievwright and Shipe (1986) studied the effect of storage conditions
and chemical treatment on tannins in black beans. Salt treatment

hydrolyzed hydrogen bonds between tannins and proteins; therefore, the
1 1

measurable amount of tannins increased. Also, black beans stored at 40°C

had a greater concentration of condensed tannins bound to proteins than
beans stored at 5°C.

6. Measurement of Condensed Tannins

Tannins of foodstuffs consist of a series of polymeric polyphenols.

The quantitative extraction of condensed tannins from plant tissue differs as
it may reduce solubility of condensed tannins by increasing the degree of
polymerization (Salunkhe et al., 1982) or formation of insoluble tanninprotein complexes (Mole and Waterman, 1987).
Methods most used for determination of tannins include the Folin-

Denis test (Swain and Hillis, 1959), the Prussian Blue test (Price and
Butler, 1977), and the vanillin-HCl test (Price et al., 1978). The 2 former
methods are colorimetric tests that measure total phenolic content and are

non-specific for nutritionally harmful tannins. The Prussian Blue test is

approximately 5 times more sensitive than the acidified vanillin method in
determining tannin of strawberries (Budini et al., 1980); however, the

vanillin-HCl test is preferred for determining condensed tannins content
because of its specificity. The vanillin and modified vanillin assays have

been criticized on lack of controllable parameters (Salunkhe et al., 1982).
Price et al. (1978) and Deshpande and Cheryan (1985) evaluated the

vanillin reactions by selecting parameters such as particle size of sample,
extraction time, extraction medium, adequacy of catechin as a standard,

color development time, vanillin concentration, and concentration of HCl.
A standardized vanillin-tannin assay and a careful selection of parameters
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were recommended to ensure reproducibility (Deshpande and Cheryan,
1985). Price et al. (1978) selected a level of 0.5% vanillin in the reagent
because it decreased temperature dependence, improved linearity of the
standard curve, and decreased complexity of the reaction kinetics.

The vanillin assay in glacial acetic acid may be used to estimate
degree of polymerization because the concentration of chromophore
produced is proportional to concentration of flavan-3-ol end groups
(Butler et al., 1982). The authors found that the molar extinction

coefficient in glacial acetic acid was similar to that of the oligomers and
flavan-3-ol.

Martin and Martin (1982) found that determination of tannin is

deficient as the test was based on color development which is dependent on

molecular weight, form, and concentration. In ecological and nutritional
studies, proteins and tannins are quantified in the sample (Amory and
Schubert, 1987). However, the concentration of tannin still is not clearly
related to the amount of protein precipitated. Exponential, linear, or

sigmoidal relationships have been found in different studies (Amory and
Schubert, 1987; Griffiths and Jones, 1977; Martin and Martin, 1982). A

standard curve was prepared with catechin, using the initial point which
approximated linearity (Price et al., 1978). The curve was extrapolated for
higher concentrations of tannins.

7. Purification of Condensed Tannins

Due to the affinity for proteins, tannins contain co-purified protein
by the association of hydrophobic bonds and hydrogen bonding. The water
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extract of faba bean (Viciafaba) hulls had about 8% protein contamination
on dry basis (Marquardt et al., 1977). Hagerman and Butler (1980) used
ascorbic acid to prevent oxidation during a 2 hr methanol extraction.

However, no antioxidant was used in 16 hr or overnight extractions (Davis
and Hoseney, 1979; Marquardt et al., 1977). Hagerman and Butler (1980)
recommended that ethanol extraction be used prior to methanol extraction

to remove alcohol soluble proteins in cereals and that liquidified phenol be

used to remove trace protein. Ethanol extraction and the use of phenol
reduced level of protein to 2-3% and caused a 5-fold increase in tannin

specific activity of sorghum tannin.
8. Nutritional Impact

Cultivars of beans that contain large amounts of tannin have lower
nutritional qualities than cultivars that contain lower tannin contents

(Marquardt et al., 1978). The affinity of tannin for protein increases with

an increasing number of polyphenolic hydroxyl groups and an increasing
degree of tannin polymerization. Condensed tannins of horse beans

appeared to depress the growth of muscovy ducklings, cause a reduction in

the weight of eggs produced by laying hens, and decrease the digestibility
of nitrogen compounds in growth chicks (Martin-Tanguy et al., 1977). Rats
when fed either 2% tannic acid, 5% quebracho tannins, or 5% grape
tannins excreted more nitrogen in the feces than the control rats (Click and

Joslyn, 1970). Growth rate of hamsters and rats was slowed by adding 5%

tannins in the diet (Mehansho et al., 1985). Dietary tannins particularly
affected hamsters. Weanling male hamsters did not gain weight or become
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sexually mature on a diet of high sorghum tannins for up to 6 months
(Mehansho et al., 1985).

In vitro studies showed that trypsin, L-amylase, and lipase activities
were inhibited significantly by condensed tannins in the absence of other
proteins (Milic et al., 1972; Tamir and Alumot, 1969). Tannins affected the

nutritive value by decreasing the digestibility of protein. Aw and Swanson
(1985) concluded that in vitro digestibility and tetrahymena-based PER of
the black bean were related inversely to the tannin content. Chibber et al.

(1980) reported that tannins of sorghum affected in vitro digestibility of
sorghum proteins by inhibition of pepsin, trypsin, and chymotrypsin. Due
to the tannin-protein interaction, tannins might react with proteins that

exist in the legume itself, dietary proteins, or digestive enzymes, thus

blocking protein digestion. It is possible also that tannins of beverages such
as coffee and tea might react with the extraneous proteins such as those in
the digestive tract and increase the fecal nitrogen content. Infusion of a

tannic acid solution (2%) significantly increased daily fecal weight and
fecal nitrogen in rats and guinea pigs (Moulay et al., 1988), but tea infusion
produced a significant increase only in the weight of feces. In vivo

activities of trypsin and a-amylase were reduced significantly in rats that
consumed diets containing testa of field beans; however, lipase activity

increased (Griffiths and Moseley, 1980). Jackson and Lee (1988) reported
that solubility of iron was lower in black tea infusions than green tea

infusions. In contrast, a higher solubility of calcium occurred in green tea
infusions.

Tannins of peas (Pisum spp) and field beans (Vicia faha) reduced in
vitro availability of cellulose to enzyme digestion (Griffiths, 1981;
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Griffiths and Jones, 1977). The in vitro inhibition of tannin has been shown

on the degradation of cellulose, but no inhibitory effect was found in

carboxymethylcellulose (Bjorck and Nyman, 1987). Increased tannin level
decreased rumen fermentation of hemicellulose and digestibility of fiber in

sheep (Barry et al., 1986; Palo et al., 1985). In rat feeding research, no
significant correlation was found between tannin content and protein
digestibility or net protein ratio (Bressani et al., 1983). Dietary tannins
increased feed consumption in swine (Hale and McCormick, 1981).

In legumes, most tannins are distributed in the testa. Decortication of
seed and germination not only reduced tannin content but also increased
relative amount of ionizable iron (Rao and Prabhavathi, 1982). It was

concluded that tannins might lower the absorption of ionizable iron from
habitual diets in India. Roy and Mukherjee (1979a) used isotopic and nonisotopic methods to investigate the effect of tannins on absorption and
excretion of iron and found greater absorption of iron in anaemic rats fed

dietary tannins at 0.5 mg/kg/day. Roy and Mukherjee (1979b) fed rats 0.5
mg fruits or vegetable tannins/kg body weight daily and found that iron
content of liver, spleen, and bone marrow decreased. However, both serum
iron concentration and serum iron binding capacity increased. Compared
with a test meal of casein, tannins of isolated soy protein, chickpea, or red

kidney bean did not depress significantly iron bioavailability (Garcia-Lopez
et al., 1990).
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9. Rat Bioassay

Animals such as the cebus monkey, chick, rabbit, and rat were used

as experimental models for protein quality assessment (Fisher, 1973;
Hegsted and Chang, 1965; Samonds and Hegsted, 1973). Measurements

such as PER, net protein ratio, slope ratio assay (relative nutritive value),
and biological value have been used to assess nutritional value of protein
also (Hegsted et al., 1968). Although the experimental animals used were
not the same as humans in metabolic conditions, precise animal assays for
evaluating protein quality of protein were applicable to human assays
(Samonds and Hegsted, 1977). Specific attention has been focused on the
methodology of the experimental rat in the evaluation of protein quality
(Miller and Lachance, 1977). Environmental conditions and handling of

laboratory rats are very important factors for evaluation of protein quality
(Lane-Fetter and Pearson, 1971; Miller and Lachance, 1977; Nolen and

Black, 1973). The environment and procedures were recommended as

follows: maintain room temperature at 23-24°C; maintain adequate
ventilation with 50-60% relative humidity; maintain 12 hr day/dark cycle;
avoid windows and environmental disturbances such as noise, inconsistent

handling, and unnecessary entry; use standard stainless steel cages (7 in x
9.5 in X 7 in) with wire screen bottom; and avoid picking up rats by the
tail.

Although growth rates and metabolisms vary among strains of rats,
the AOAC (1990) procedure for assessing the protein quality does not
specify the strain of rats. Different values of PER were found in different
strains of rats (Morrison and Campbell, 1960). Also, male rats had a
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greater growth rate than female rats after 20 days (NRC, 1972; 1978). Age
of rats affected evaluation of protein quality. Although the PER procedure

was developed by Osbome et al. (1919) and used to evaluate protein
quality, often the procedure has been performed improperly by many
investigators.
The officially recognized method for assessing protein quality is the

PER as described in AOAC (1990). Not only did the method suggest the
composition of the diet and vitamin mix, but it also recommended that
experimental animals should be 21-28 days old, male, weanling, and of the
same strain at the beginning of feeding experiment. The AO AC (1990)
method for PER recommended that at least 10 animals be used in each

experimental group for a 28-day period. However, 6 rats were often used
in studies for 21 or 28 days (Maxson et al., 1973; Jambunathan and Mertz,
1973). Hurt et al. (1974) used 30 experimental rats in studying PER of
casein and a beef-vegetable product and recommended that 8 rats should be
adequate to attain a 5% significance level of the PER of casein in a 28-day
period.
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CHAPTER III

MATERIALS AND METHODS

1. Sample Preparation

Three cultivars of cowpea [Vigna unguiculata (L.) Walp] with

different colored seed coats (testa), Coronet (with pigmented hilum),
Mississippi Silver (dark colored crowder type), and White Acre (cream
type), were grown at the Plant Sciences Field Laboratory, The University

of Tennessee, Knoxville. Cowpeas were harvested at 3 periods and divided
into 3 stages of maturity [mature dry (MD), mature succulent (MS), and
immature green (IG)]. After harvest, the hulls of cowpeas were removed
by passing the pods through a roller-type sheller ("Little Sheller," Taylor
Mfg. Co. Inc., Moultrie, OA). Also, IG and MS cowpeas were blanched in
boiling water for 2 min, frozen and held at -23°C for further analysis.
MD cowpeas (120 g) were soaked in 900 mL deionized water 30 min
to soften the testa for ease of removal by hand. Frozen IG and MS cowpeas
were defrosted at 0°C ovemight, then decorticated manually. The whole
cowpeas, decorticated cotyledons, or testa were added to deionized water

[MD 5-fold (w/w), MS and IG 2-fold] and heated in a 15.24-L pressure
cooker (Model 0406, Mirro Aluminum Co., Manitowoc, WI) under 34.5

kPa (5 psig) pressure 30 min. The broth was discarded after heating.
Unheated and heated cowpeas were dried in a freeze dryer (Model UE800,
The Virtis Co., Gardiner, NY) then ground (Wiley Mill, Arthur H.

Thomas Co., Philadelphia, PA) through a 20-mesh screen to ensure
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homogeneity and uniform size. Black tea (trade name; Kroger® Loose
Tea) was purchased from a local supermarket and ground through 20-mesh
screen. Unheated MD cowpeas and black tea were ground through a 60
mesh screen in preparation for investigation of the effect of particle size on
absorbance of vanillin-tannin complex. The ground samples were stored in
sealed glass containers and held in a vacuum desiccator to prevent
oxidation.

2. Physical Characteristics of Cowpeas

A. Stages of Maturity
Immediately following each of 3 harvests, all pods were separated
into 1 of 3 groups as presented in the previous section. Cowpeas (50 g)
were dried under vacuum at 70°C in a vacuum oven (Model 524, Precision

Scientific Co., Chicago, XL) to constant weight in duplicate to determine the
moisture content from each maturity group.

B. Surface Color

The surface color of cowpeas of 3 cultivars was measured
immediately after each of the 3 harvests, using a Hunter Lab Color Meter

(Model D25D2M, Hunter Associates Laboratory, Inc., Reston, VA)
(Anonymous, 1979) standardized with a white tile (L = 91.03, 'a' = -1.3,

and 'b' = 1.6). Also, surface color of IG and MS cowpeas was measured
after blanching. Sufficient amounts of cowpeas were used to cover the
bottom of the cuvette constructed with optical glass bottom. Hunter L, 'a,'
and 'b' values were determined in triplicate.
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C. Cotyledon:Testa Ratio

MD cowpeas were chipped with a razor blade to facilitate the
separation of the cotyledon from testa. After thawing, the testa of MS and
IG cowpeas were removed easily by hand. Twenty whole cowpeas were
used in duplicate to determine the weight ratio of cotyledon:testa (DWB).
D. Hydration Coefficient of Mature Dry Cowpeas

Water absorption of MD cowpeas was determined by soaking
5 ± 0.01 g cowpeas in 50 mL deionized water at 24°C. The soaked cowpeas
were blotted to remove excess water. Absorption was determined in
triplicate for 0.5, 1, 2, 3, 4, and 8 hr. Water absorption was calculated as g
water/100 g cowpeas by the following formula:
wt. of soaked cowpeas - dry wt. of cowpeas

Hydration Coefficient =

dry wt. of cowpeas

x 100

3. Tannin Analysis

A. Visible Spectrum of Catechin-Vanillin
The visible spectrum of catechin-vanillin was studied by mixing 1
mL catechin solution and 5 mL vanillin-HCl reagent (Deshpande and

Cheryan, 1985). Catechin solution contained 2 mg catechin (C-1251, Sigma
Chemical Co., St. Louis, MO)/mL 0.1% acidified methanol (1 mL 36.5%

HCl/L absolute methanol). Vanillin-HCl reagent, 2% (w/v), was prepared

by dissolving 2 g vanillin (V-2375, Sigma Chemical Co., St. Louis, MO)in
4% acidified methanol(40 mL 36.5% HCl/L absolute methanol) to prepare
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100 mL. After 20 min standing, absorbance was scanned from 450 to 550
nm, using a Hitachi Spectrophotometer (Model 100-60, Tokyo, Japan) to
determine the Xmax of the reaction of vanillin and catechin.

B. Effect of Reagent on Absorbance of Vanillin-Tannin Complex
Samples(2 g), ground through 20 mesh screen and consisting of MD
'Coronet,' 'Mississippi Silver,' and "White Acre' and black tea, were
extracted with 10 mL absolute methanol or 0.1% acidified methanol in a

capped test tube at 24°C for 20 min with mechanical shaking (Fig. 1). A

wrist action shaker® (Model 75, Burrell Corp., Pittsburgh, PA) was set at
6 for all analyses. The test tubes, wrapped with flexible styrofoam to
prevent breakage, were placed in a horizontal position in the basket and
shaken with an amplitude of 8 cm and a frequency of 300 times/min. The
extract was centrifuged at 17,500 x g (1,500 rpm) for 10 min, using a
Sorvall centrifuge (Model RC2-B, Newtown, CT). The Vortex Mixer
(Model S8223-1, McGaw Park, IL) was set at 6 to mix 1 mL of the

supernatant with 5 mL of 2% (w/v) vanillin-HCl reagent or 0.5% (w/v)
vanillin-HCl reagent for 30 sec. After 20 min standing, absorbance was
read at 500 nm, using a Hitachi Spectrophotometer (Model 100-60, Tokyo,
Japan).

C. Effect of Particle Size of Mature Dry Cowpeas and Black Tea on
Absorbance of Tannin Extracts

MD cowpeas (2 g) or black tea (1 g) samples which were ground
through 20 or 60 mesh screen were extracted with 10 mL 0.1% (v/v)
acidified methanol and centrifuged at 17,500 x g for 10 min. Supernatant
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(1 mL) was added to 5 mL 2% (w/v) vanillin-HCl reagent, and after

standing 20 min, absorbance was read at 500 nm.

o

Figure 1-The modified shaker with tubes in the basket.

D. Effect of Storage Time on Absorbance of Vanillin Reagent

Vanillin-HCl reagent(2%) was prepared and held 3 or 6 wk at room
temperature to determine effect of storage time on absorbance. The reagent
was stored in a stoppered volumetric flask covered with aluminum foil to
exclude light and held in the dark. Fresh reagent was used as the blank and

absorbances of the stored reagents, without adding tannin, was determined
from 480 to 550 nm.
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E. Condensed Tannins

Condensed tannin content was determined according to the modified

vanillin-HCl method of Price et al. (1978) as modified by Deshpande and
Cheryan (1985). Condensed tannins of heated and unheated cowpeas at 3
stages of maturities were investigated by extracting 2 g ± 1 mg whole
cowpea or cotyledon and 1 g ± 0.5 mg testa with 10 mL 0.1% (v/v)
acidified methanol for 20 min with mechanical shaking (Fig. 1). The
extract was centrifuged at 17,500 x g for 10 min. Supernatant (1 mL) was
mixed with 5 mL 2% (w/v) vanillin-HCl reagent, and after 20 min
standing, absorbance was read at 500 nm. Appropriate sample and reagent

blanks were used. Catechin was used for preparing the standard solution,
and the tannin content was expressed as catechin equivalents [mg/100 g
sample(DWB)].

F. Extraction Efficiency
Extraction patterns of tannins were determined by extracting 0.1,

0.2, 0.3, 0.4, 0.5, 1 and 2 g cowpea testa and black tea with 10 mL 0.1%
acidified methanol. Tannin content was analyzed as stated in the Section

3-E. Tannin content was expressed as catechin equivalents [mg/100 g
sample(DWB)] to compare the extraction efficiency.

4. Tannin Polymerization

The vanillin-glacial acetic acid/ leucoanthocyanidin ratio (V/LA) test
was used to measure degree of tannin polymerization (Butler et al., 1982;
Goldstein and Swain, 1963). The concentration of flavan-3-ol terminal
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groups was determined by using the vanillin assay in glacial acetic acid
(Butler et al., 1982). Whole cowpea (2 g ± 1 mg) was extracted with
absolute methanol for 20 min with mechanical shaking (Fig. 1). The
absolute methanol extract was centriguged at 17,500 x g 10 min.

Supernatant (1 mL) was evaporated in a water bath 5 min, and the residue
was mixed with 5 mL vanillin-glacial acetic acid [4% (v/v) concentrated
HCl (37%) and 0.5% (w/v) vanillin in glacial acetic acid]. After 5 min
standing, absorbance was read at 510 nm.
Concentration of total flavan-3-ol units was determined by the

spectrophotometric leucoanthocyanidin assay (Swain and Hillis, 1959).
Absolute methanol extract (1 mL), prepared by the same procedures used

in vanillin-glacial acetic acid, was mixed with 10 mL HCl/n-butanol
solution (50 mL of 37% HCl diluted with n-butanol to 1 L) in a capped test
tube and heated in a covered boiling water bath 40 min. After heating, the
test tube and its contents were cooled with running tap water 5 min, and
absorbance was read at 550 nm. An unheated tube containing sample and
reagent was used as the blank.
5. Animal Test

A. Determination of Tannin Content for the Diet, Fed to Rats

Tannin content was determined in a brew prepared with 2 g black tea

in 100 mL boiling water. After brewing, the tea infusion was held at 24°C
for 15 min, after which time the temperature of brew was decreased to
56°C without stirring. The infusion was filtered through a 60-mesh sieve to
attain a clear liquid without residue. The clear tea infusion was dried under
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vacuum at 70°C. The dried tea extract was redissolved with 10 mL 0.1%

(v/v) acidified methanol and analyzed as described in the Section 4-E.
The tannin content intended for the rat diets was determined by

converting average tannin consumption (400 mg/day) for a 70-kg human to
the equivalent for a 200-g rat (Reddy et al., 1985). Food consumption/200

g rat is approximately 20 g/day (NRC, 1972). Thus, the tannin content of
the diet (0.057 mg/g diet) was set as the lowest experimental level (Table
1). Medium and high levels were set at 3- and 10-fold the lowest level.

Table 1—Tannin content and sources in experimental diets for feeding to weanling rats

Tannin level

Cowpea ('Mississippi Silver')

Black tea

mg catechin equivalent/g diet
Control

0.000

Low

0.057

0.057

Medium

0.171

0.171

High

0.570

0.570

B. Purification of Condensed Tannins

The purification procedure used in this study for condensed tannins
was a combination of methods used by Davis and Hoseney (1979),
Hagerman and Butler (1980), and Matsuo and Itoo (1981). Fig. 2 shows the

scheme used for purification of condensed tannins. A Hammer mill (Viking
Manufacturing Co., Jackson, MI) was used to grind the highest tannin-

containing cultivar of cowpeas (whole MD 'Mississippi Silver) to pass
through a screen with 1.65 mm openings. Ground cowpea and black tea (as
received) samples were extracted with 3-fold (w/v) 10 mM ascorbic acid in
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Sample^
3 ml of 10 mM ascorbic acid in

methanol/g sample; 4°C

^
I
Sample
^ Evaporated to one-tenth of original volume
Extracted 3 times

Methanol extract

Mixed with equal volume of 10 mM acetate buffer

i

Vacuum evaporation

1

Aqueous solution

Methanol

^ Extracted with equal volume ethyl acetate twice

Ethyl acetate

1

Aqueous solution

Evaporatored to dryness
Redissolved in 95% ethanol

Sephadex LH-20 column
95% ethanol
50% acetate

n

50%
acetate
)ac

I

Ethanol

Freeze dried

Condensed tannin

Figure 2-Scheme for purification of condensed tannin.
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methanol 3 times at 4°C. The methanol extraction was performed for 15 hr
followed by 2, 2-hr extractions. The extract was filtered through Whatman
#1 paper and centrifuged at 17,500 x g for 10 min to remove the fine
particles. The methanol extract was concentrated to one-tenth volume,

using a vacuum evaporator (Flash-Evaporator, Buchler Instruments, Fort
Lee, NJ). The concentrated methanol extract was mixed with an equal

volume of 10 mM acetate buffer at pH 4. Methanol was removed by
vacuum evaporation. The remaining aqueous solution was extracted twice

with an equal amount of ethyl acetate to remove some amorphous solid
materials. The aqueous solution was dried under vacuum in a vacuum oven

and the dried extract was redissolved in a minimum volume of 95% (v/v)

ethanol. The ethanol solution was eluted on a column (30 x 2.1 cm) packed
with Sephadex LH-20 which had been equilibrated with 95% ethanol. The
column was eluted with 95% ethanol until a stable minimum absorbance at

280 nm was achieved. The mobile phase was changed to 50% acetone in
deionized water and eluted until a clear filtrate was obtained. The eluted

fraction was evaporated to remove acetone. The remaining aqueous
solution was frozen ovemight, then freeze-dried. The tannin powder was
mixed into the diet as presented in Table 1.
C. Protein Efficiency Ratio

Animal care and conduct of experiments were performed after

approval from the Animal Care and Use Committee at The University of
Tennessee which follows the guidelines of the National Institute of Health
on the humane use of laboratory animal. Weanling male rats (Rattus
norveqicus), weighing approximately 50 g at the beginning of the
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experiment, were purchased from Harlan Sprague Dawley (Indianapolis,
IN). Rats were divided randomly into 7 groups with 7 animals/group (I

control and 6 experimental diets as shown in Table I). Rats were housed in
individual wire cages (25.4x17.8x17.8 cm)and supplied food and water ad
libitum at 23°C with a 12-hr light/dark cycle for the 28-day study

(Appendix A). Upon receipt of the animals, they were fed ground chow
(Prolab 3000 formula, Agway Inc., Syracuse, NY)for a 2-day adaptation

period. The composition of the experimental diets is shown in Table 2.
Food consumption was measured 3 times/wk and rats were weighed
weekly. Protein efficiency ratio (PER) was calculated by dividing the
measured weight gain (g) by protein intake (g).

Table 2—Composition of diet for feeding to weanling rats for protein efficiency ratio
Com starch

35.275

Sucrose

35.275

ANRC reference casein^

10.95

Cottonseed oil

8.0

Water

5.0

AIN mineral mixture 16^

3.5

AIN vitamin mixture 16^

1.0

Alphacel

1.0

See Appendices B,C,and D.
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D.In vivo Apparent Digestibility

Food consumption was measured and feces were collected for 7 days
(days 11-18). To determine the apparent digestibility, 1-g samples of feces
were used to analyze nitrogen content, using the Kjeldahl method (AOAC,

1990). The Kjeltech system (1015 Digester and 1026 Distilling Unit,
Tecator Co., Hoganas, Sweden) was used in all determinations of nitrogen.
Apparent digestibility of the diet were calculated as indicated below:

Apparent Digestibility (%)=

N intake (mg)- N in feces(mg)

x 100%

N intake (mg)

E. Percentage of Liver and Liver Nitrogen
The livers of the sacrificed rats were removed at the end of the 28-

day experiment. Percentage of liver was calculated by dividing liver weight
by total body weight at slaughter (WWB). The nitrogen content of liver
was determined as described in Section 5-D.

F. Absorption of Minerals

Feces, collected from days 11 to 18 or days 26 to 27, were ashed at

500°C for 5 hr to investigate the effect of tannin on absorption of calcium,
magnesium, and iron. One hundred mg samples of ashed material were
dissolved in 2 mL concentrated (37%) hydrochloric acid free of trace
metals and diluted to 20 mL, using glass distilled/deionized water

(Anonymous, 1982). In order to free the iron attached on the glass
container, 57 jiL of 70% HNO3 was added to the ash solution. Ash solution

was diluted as needed (Appendix E), using an automatic pipette (Digiflex
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33010, ICN Micromedic Systems, Inc., Huntsville, AL); then, an atomic
absorption spectrophotometry (Perkin-Elmer® 3030, Norwalk, CT) was
used to quantify calcium, magnesium, and iron contents.

G. Mineral Content of Blood Plasma

At the end of the 28-day feeding period, rats were decapitated and
blood was collected in a Vacutainer test tube containing EDTA as an

anticoagulant (Becton Dickinson Vacutainer Systems, Rutherford, NJ).
After centrifugation (1,700 x g, 15 min), resultant plasma samples were
stored at -80°C for further analysis. Plasma was diluted as needed

(Appendix E) and then quantified for calcium, magnesium, and sodium
contents, using atomic absorption spectrophotometry (Anonymous, 1982).

H. Mineral Content of Femur
The left femur was removed from each rat and the connective and/or

muscle tissue were removed; the femur was incinerated at 500°C for 5 hr

to determine the percentage of ash. An aliquot of ash (50 mg) was
dissolved in 2 mL concentrated (37%) HCl and diluted to 20 mL with

distilled/deionized water. The ash solution was diluted as needed (Appendix
E), then calcium and magnesium were determined, using atomic absorption
spectrophotometry (Anonymous, 1982).

6. Experimental Design and Statistical Analysis

The statistical design consisted of a completely randomized design
(Steel and Torrie, 1980). Regression analysis was used to calculate the
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standard curve of tannin content. Analysis of variance was used to

determine significant differences in physical characteristics, tannin analysis,
and polymerization of tannin of cowpeas that could be attributed to

cultivars, stages of maturity, time, solvent, reagent, processing or
appropriate interactions. Tukey's procedure was performed to note
differences among means (Ott, 1988). The same statistical procedures were
used to evaluate the effect of tannin in experiment diets on PER, in vivo

apparent digestibility, percentage of liver weight, liver nitrogen,
absorption of minerals, and minerals in plasma and femur. Contrasts were
obtained to analyze the difference between control and sources of tannin

sources and among levels of tannins. These analyses were performed with
Proc GLM of the Statistical Analysis System (SAS Institute, Inc., 1985) at
The University of Tennessee Computing Center.
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CHAPTER IV

RESULTS AND DISCUSSION

1. Physical Characteristics of Cowpeas
Condensed tannins may influence or be related to physical
characteristics of cowpeas such as stage of maturity, seed coat color, ratio

of cotyledon to testa, and hydration coefficient. Tannin content changes
with degree of maturity. Tannin-free cultivars of cowpeas possess a lower

percentage of testa and a lighter surface color than tannin-containing
cultivars. Tannins may contribute to the hard-to-cook defect of legumes by
inhibiting water permeability which results from increasing tannin
polymerization or association of tannins with protein. These characteristics
of cowpeas are discussed in the following sections.
A. Stages of Maturity

Moisture content of cowpeas of the 3 cultivars was greater in the less

mature stages than the more mature stage. The mean moisture content of
cowpeas as harvested was 15.92% for MD, 56.03% for MS, and 65.53%
for IG maturities (Table 3). Since cowpeas loose moisture during

maturation, moisture content of cowpeas at harvest is useful for placing the

cowpeas into maturity groups. The relationship between maturity and
tannin polymerization is discussed in Section 3.
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Table 3—Percentage water content of cowpeas at three maturities^

Maturityl*

'Coronet'

'Mississippi Silver'

•White Acre'

MD

15.54±1.26

16.20±0.77

16.03+1.93

MS

59.88±1.53

54.36±2.44

53.86±4.12

IG

70.05±1.92

63.05±1.00

63.49±2.62

^ Values represent mean ± standard deviation (S.D.) of 6 determinations of freshly
harvested cowpeas.

Maturities: MD,mature dry; MS,mature succulent; IG,immature green.

B. Surface Color

The Hunter color values L, 'a,' and 'b' of the fresh and blanched

cowpeas were affected significantly by cultivar, maturity-stage, and the
interaction (Table 4). The interaction of cultivar x maturity-stage is

presented graphically in Appendix F, G, and H.
MD 'Mississippi Silver' cowpeas were darker (lower L value) than
'Coronet' and 'White Acre' (Table 5). Fresh MS cowpeas were lighter

(higher L value) than MD cowpeas for the 3 cultivars. L values for all IG
cowpeas were similar to either MD or MS or both. Lightness was lost as

the 'Mississippi Silver' matured. Blanching significantly reduced lightness
of the MS and IG cowpeas.

Greenness ('-a') was lost for each cultivar as the cowpeas matured,

with MD cowpeas exhibiting no greenness but possessing a low level of
redness. In MD cowpeas, 'Mississippi Silver' possessed a greater redness
than 'Coronet' or 'White Acre.' Blanching significantly increased greenness

of IG cowpeas of 'Coronet' and 'White Acre' but not 'Mississippi Silver.'
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Table 4—F-ratios of Hunter color values in cowpeas

Source of

Degree of

variation

freedom

Total

F-ratio

L

V

[_b_]

134

Cultivar(C)a

2

321.3^

33.3

252.7

Maturity-stage(M)b
CxM

4
8

306.4
593

313.7
l_n

137.4
17.5

® Cultivars: Coronet, Mississippi Silver, and White Acre.

b Maturity-stage: mature dry(MD),fresh and blanched mature succulent(MS)and fresh
and blanched immature green (IG).

c All F-ratios are significant(p< 0.0001).
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Table 5—Hunter color values of fresh and blanched cowpeas^
Cultivar

Maturity-stage^^

Mississippi Silver

Coronet

White Acre

L

MD (fresh)

51.9±0.8uv

40.6±1.0Z

53.0±1.0tuv

MS (fresh)

55.0±1.4St

54.8±1.6St

56.5±1.4S

MS (blanched)

47.3±1.0w

42.2±1.0yz

51.3±0.5v

IG (fresh)

52.0±1.5uv

53.6±1.9tu

54.5+1.8St

IG (blanched)

46.0±1.0wx

44.4±0.6xy

51.1±l.iv

'a'

MD (ftesh)

0.6±1.0u

5.7±1.5t

2.5±1.0u

MS (fresh)

-3.010.7VWX

-3.2±l.ivwx

-2.7±1.5v

MS (blanched)

-5.4±0.4xy

-3.0±2.8vw

-5.4±0.4wxy

IG (fresh)

-7.1±0.6y

-7.1±1.6y

-7.1±0.5y

IG (blanched)

-9.8±0.5z

-6.4±2.0y

-9.6±0.62

'b'

MD (fresh)

15.5±0.7yz

14.3+0.62

19.6±0.6vw

MS (fresh)

20.110.7UVW

21.4±0.9tuv

23.3±0.5St

MS (blanched)

17.2±1.8xy

14.1±0.7Z

22.5±0.6St

IG (fresh)

22.3±0.5St

22.1±0.3stu

24.210.8S

IG (blanched)

18.7±0.8wx

15.8±().6y2

24.2±0.6S

^

Hunter color values: L = lightness(0 = black, 100 = pure white); 'a' = redness; '-a' =
greenness; 'b' = yellowness; the greater the 'a,' '-a,' and 'b' values, the more intense
the color.

^

Maturity-stage: MD, mature dry; MS, mature succulent; IG, immature green; fresh =

no processing; blanched = heated in boiling water for 2 min.
s-z Values represent mean ± S.D. of 9 determinations. Means within Hunter color value

with different superscripts are significantly different (p < 0.01).
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The more evident greenness after blanching might have resulted from

replacement of gases in the interstitial spaces of the tissues with moisture.
In MD and blanched MS and IG cowpeas,'White Acre' had greater

yellowness (higher 'b' value) than 'Mississippi Silver' and 'Coronet.' In the
3 cultivars, fresh MS and IG cowpeas had significantly higher 'b' values

than MD cowpeas. Thus, the cowpeas lost yellowness as they matured from
MS to MD. Yellowness of MS and IG cowpeas was similar in 'Mississippi
Silver' and 'White Acre.' Blanching significantly reduced the yellowness in
IG and MS of 'Coronet' and 'Mississippi Silver.' Blanching produced no

effect on yellowness of MS and IG 'White Acre.'
C. Cotyledon:Testa Ratio

Cotyledon:testa ratio of the cowpeas was affected by cultivar,
maturity (p < 0.001), and the interaction (p < 0.05)(Table 6). The ratios
are presented in Fig. 3. 'Mississippi Silver' tended to have the lowest

cotyledon:testa ratio (higher percentage testa) in all 3 stages of maturity.
However, in MD and MS cowpeas, 'Mississippi Silver' had significantly

lower (p < 0.01) cotyledon:testa ratio than did 'Coronet' and/or 'White
Acre' (Appendix I). Overall, 'Mississippi Silver' had the lowest
cotyledon:testa ratio (greatest proportion of testa) and 'White Acre' had the

highest. The results may indicate 'Mississippi Silver' has highest tannin
content since Bond (1976) found that tannin-free faba bean cultivars had

lower percentage of testa than cultivars containing tannins. Due to the

greater proportion of testa, tannin-containing faba beans tended to exhibit a
greater mass than tannin-free faba beans (Crofts et ah, 1980). 'Mississippi
Silver' had a dark brown testa. The relationships between cotyledon:testa
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Table 6—F-ratios of cotyledon:testa ratios of mature dry and blanched mature succulent and
immature green cowpeas

Degree offreedom

Source of variation

F-ratio

17

Total

62.1 (O.OOOl)C

Cultivar(C)a

2

Maturity(M)l'

2

150.0 (0.0001)

CxM

4

4.5 (0.0283)

^ Cultivars: Coronet, Mississippi Silver, and White Acre.
Maturities: MD,mature dry; MS,mature succulent; IG,immature green,

c Values in parentheses indicate observed significance levels (p-values).

Cotyledon:testa ratio
14 -

'Coronet'

12 -

'Mississippi Silver'

10

'White Acre'

8-

42-

i

i

i

£1

0
IG

MS

MD

Maturity

Figure 3-Cotyledon:testa ratio (DWB)in mature dry and blanched mature
succulent and immature green cowpeas.
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ratio and water absorption, tannin content, and polymerization are
discussed in the following sections.

D. Hydration Coefficient of Mature Dry Cowpeas

The F-ratios from analysis of variance of hydration coefficients of
MD cowpeas for the 3 cultivars are presented in Table 7. Hydration
coefficient was affected by cultivar, soaking time, and the interaction.

Hydration coefficients of MD cowpeas are presented in Fig. 4. After
soaking in deionized water for 30 min, 'White Acre' absorbed

approximately 1.5 times more water than did 'Mississippi Silver' or
'Coronet.' Rehydration continued until about 4 hr soaking. Only a small
increase occurred after an additional 4 hr. The 3 cultivars absorbed

approximately equal amounts of water (100 g water/100 g cowpeas) after 4
hr (Fig. 4 and Appendix J). Characteristics of moisture absorption may
relate to the water permeability and thickness of the testa. Being smaller in
size, "White Acre' had greater surface area and, consequently, exhibited the

highest initial water hydration. Also, the high ratios of cotyledon to testa
(Fig. 3) were due to low testa content in 'White Acre' cowpeas. This lower
testa weight allowed a more rapid hydration of the cotyledons. Deshpande
and Cheryan (1986) studied the relationship of microstructure and water

absorption in Phaseolus vulgaris L. ('Black Beauty,' 'Small,' and 'Viva
Pink' bean) and Psophocarpus tetragonolobus (winged beans) and
concluded that cultivars with higher initial water absorption had relatively
thinner testa. Thickness of testa influenced the migration of water, but it is

not the only factor. Polymerization of tannins may play another important

role in the hydration coefficient (see Section 3). Marbach and
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Table 7—F-ratios of hydration coefficients of mature dry cowpeas
Source of variation

Degree offreedom

F ratio

53

Total

Cultivar(C)4

2

Time (T)''

5

610.3

10

14.9

CxT

73.6C

^ Cultivars: Coronet, Mississippi Silver, and White Acre.

^ Times: 0.5, 1, 2, 3, 4, 8 hr.
c All F-ratios are significant(p < 0.0001).

Hydration coefficient
(g water/100 g cowpeas)

80 _

60 _

13

'Coronet'

4

'Mississippi Silver'

<1

'White Acre'

40 _

4

6

10

Time (hr)

Figure 4-The effect of time on hydration coefficient of mature dry
cowpeas soaked in deionized water at 24°C.
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Mayer (1974)found that testa of peas (Pisum sativum) with higher tannin
content (phenolics) were less permeable to water.

The hard-to-cook phenomenon is common in beans (Jackson and
Varriano-Marston, 1981) and may be due to the impermeability of the testa

to water. The hydration coefficient may influence quality of cowpeas and

cooking time. Shorter cooking times allow greater nutrient retention and
save energy used for commercial processing and home cooking. Also, the
shorter hydration may reduce bacteriological problems during soaking.
2. Tannin Analysis

A. Visible Spectrum of Vanillin-Catechin

Vanillin-catechin reaction produces a color reaction. The Xmax for
the vanillin-catechin reaction peaked at 497 to 503 nm (Fig. 5). Condensed
tannins, unlike a majority of phenolic compounds, react with acidified

vanillin and produce a colored product with a ?imax at 500 nm (Broadhurst
and Jones, 1978); therefore, 500 nm was the selected ?iniax at which to
determine absorbance.

B. Effect of Reagent on Absorbance of Vanillin-Tannin Complex

The magnitude of absorbance of the vanillin-tannin reaction was
dependent on the source of tannins, type of the solvent, and concentration
of vanillin in the reagent (Table 8). All interactions, except solvent x

reagent, were significant also. Tannin extracted in acidified methanol
produced a higher absorbance in the vanillin-tannin reaction than tannin
extracted in absolute methanol (Table 9). These results indicate that the
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Figure 5-Absorbance of the vanillin-catechin reaction for determination of
condensed tannins.
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Table 8—F-ratios for absorbance of vanillin-tannin reaction
Source of variation

Degree offreedom

F ratio

3 cultivars of cowpea and black tea included
Total

Source of tannin (S)^

Solvent(Sol)^
Reagent(R)^

SxSol
SxR
SolxR
SxSolxR

Total

31

3

99999.9 (0.0001)'!

1
1
3
3
1
3

28304.1 (0.0001)
465.2 (0.0001)
16084.2 (0.0001)
101.5 (0.0001)
0.2 (0.6546)
26.2 (0.0001)

Within source of tannin
'Coronet'
7

Solvent(Sol)^

1

Reagent(R)''

1
1

SolxR

3576.0 (0.0001)
29.2 (0.0057)
14.4 (0.0191)

'Mississippi Silver'
Total

7

Solvent(Sol)''

1

Reagent(R)''
SolxR

1
1

Total

7

Solvent(Sol)''

1

Reagent(R)^

1
1

1270.0 (0.0001)
76.8 (0.0009)
37.8 (0.0036)
'White Acre'

SolxR

379.3 (0.0001)
225.3 (0.0001)
0.8 (0.4342)
Black tea

Total

7

Solvent(Sol)''

1
1
1

Reagent(R)c

SolxR

26580.0 (0.0001)
225.8 (0.0001)
17.4 (0.0140)

Source of tannin: 3 cultivars (Coronet, Mississippi Silver, and White Acre) of cowpeas
and black tea.

Solvents: absolute and acidified methanol.

Reagents: 0.5 and 2.0 %(w/v) vanillin-HCl reagent.
Values in parentheses indicate observed significance levels (p-values).
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Table 9—Absorbance of vanillin-tannin reaction for tannins extracted from mature dry

cowpeas and black tea
Source

Solvent(methanol)

0.5% Vanillin

2% Vanillin

Absorbance

'Coronet'

'Mississippi Silver'

'White Acre'

Black tea

Absolute

0.006±0.00ix

0.017±0.00ix

Acidified

0.085±0.00iw

0.087±0.003w

Absolute

0.025±0.002y

0.070±0.00ix

Acidified

0.152±0.004W

0.160±0.007w

Absolute

().018±0.002y

0.046±0.0Glx

Acidified

0.055±0.003x

0.08710.004W

Absolute

1.584±0.004z

1.649±0.005y

Acidified

2.535±0.007'^

2.650±0.014w

Values represent mean ± S.D. of 2 determinations. Means within sources with
different superscripts are significantly different (p < 0.01).
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acidified methanol extracted a higher amount of tannin than did the
absolute methanol. The differences in the absorbances of tannins extracted

between the two solvents, however, were dependent upon source. The

largest differences were found for tannins extracted from black tea and

'Mississippi Silver' cultivar of cowpeas and the smallest difference for
tannins extracted from 'White Acre' cowpeas. With the exception of the

'Coronet' cultivar of the cowpeas extracted by acidified methanol,
increased concentration of vanillin in the reagent also resulted in increased
absorbance (Table 9) indicating greater color development at the higher
vanillin concentraticm.

These results of the acidified methanol being the best extracting

solvent for tannins agree with those reported by Deshpande and Cheryan
(1987) who found that dry beans extracted in acidified methanol had

significantly higher measurable tannin contents than beans extracted with
absolute methanol. These results are also in agreement with those found by
Shahidi and Naczk (1989) that acidified methanol (1% conc. HCl in

methanol) also had the highest extraction efficiency of tannins in
determination of condensed tannins in rapeseed meals. Based on these

results, acidified methanol and 2% vanillin reagent were selected for all
analyses.

C. Effect of Particle Size of Mature Dry Cowpeas and Black Tea on
Absorbance of Taimin Extract

Effect of particle size on the absorbance of the vanillin-tannin

reaction is presented in Table 10. 'White Acre' and black tea that were

ground through a 60-mesh (250 microns) screen had higher absolute
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Table 10—Absorbance of vanillin-tannin reaction using acidified methanol and 2% vanillin
reagent on 20- or 60-mesh mature dry cowpeas and black tea

Sample

60 mesh

20 mesh

•Coronet'

0.061±0.001

0.094±0.001

'Mississippi Silver'

0.145+0.001

0.143+0.001

'White Acre'

0.073±0.001

0.018±0.001

2.295±0.007

2.14010.028

Black tea

;

^ Values represent mean ± S.D. of 2 determinations.

absorbances than their counterparts that were ground through a 20-mesh
(840 microns) screen. In contrast, higher absorbance was found for
'Coronet' of the 20-mesh size. Deshpande and Cheryan (1985) reported

that dry bean flours of 20-mesh size yielded a higher absorbance of
vanillin-tannin reaction than 60-mesh size. However, an unknown amoimt

of oxidation might have occurred during sample preparation and

extraction. Samples ground to the smaller particle size had greater surface

area exposed to oxygen or protein. Oxidation of tannins and/or binding of
proteins and tannins might cause loss of measurable tannins. In this study,
cowpeas were difficult to grind to a size to pass through the 60-mesh

screen; grinding produced a thick layer of flour inside the mill chamber.

The heat produced during grinding might have caused oxidation of tannins

or complexing of tannins to other components such as protein or
polysaccharide. Black tea leaf was ground to pass through a 60-mesh screen
without difficulty. Deshpande and Cheryan (1985) concluded that the

vanillin assay caimot detect complexed tannins. Based on these facts,
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samples were ground to pass through a 20-mesh screen in determination of
condensed tannins in this study.

In all the procedures, extraction time, reagent, and solvents were
held constant except for the amount of sample in reagent (Section 2-B) and

particle size (Section 2-C) studies. In Section 2-B, absorbance was 2.65
(Table 9) when 2 g samples of black tea were extracted with 10 mL
acidified methanol. Absorbance was 2.14 (Table 10) when 1 g black tea
was extracted with 10 mL solvent in Section 2-C. Absorbance was not

proportional to amount of sample. Therefore, the amount of sample might
have caused differences in equilibrium and influenced the extraction

efficiency. The effect of amount of sample is discussed in Section 2-F.
D. Effect of Storage-Time on Absorbance of Vanillin Reagent
In order to minimize the variability of absorbance from use of aged

vanillin-HCl reagent, Swain and Hillis (1959) recommended that the

reagent be prepared at least every 3 days. However, no data have been
presented to show the effect of aged vanillin-HCl reagent. In the present

experiment, the vanillin reagent became yellow even though the mixture
was protected from light with aluminum foil and held in the dark.
Absorbance of aged reagent held 3 or 6 wk are shown in Fig. 6. The effect

of storage time would, no doubt, cause an overestimate of condensed
tannin. Absorbances at 500 nm for vanillin reagent held 3 and 6 wk from

fresh reagent were 0.006 and 0.06, respectively, which would have
contributed an overestimation of 6.43 and 64.3 mg tannin/100 g sample
unless substracted from sample absorbance.
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Figure 6-Effect of storage time on absorbance of vanillin reagent
compared with the freshly prepared vanillin reagent.
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E. Condensed Tannins

Condensed tannins of the cowpeas, expressed as catechin equivalent

(mg/100 g cowpeas, DWB), were determined by use of the following
equation:
Condensed tarmin =

(A500 - 0.0066466) X 10 mL

0.4667 X sample wt.(g)

x 100 g

The regression equation to the standard curve for condensed tannins

is presented in Appendix K. With all cultivars considered together, the
tannin contents of whole cowpea and its cotyledons and testa were affected

by cultivar, maturity, and processing in water under pressure (Table 11).
All interactions were significant also. Consequently, the effect of maturity
and heat processing on tannin content was analyzed by cultivar (Table 11).
Tannin content of each cowpea part for each cultivar was affected by
maturity, except for whole cowpea of 'White Acre.' The heating process
affected tannin content in each case. The interactions between maturity and

process were significant, except for whole cowpeas of 'Coronet'(Table 11
and Appendix L, M,and N).
The tannin contents of heated and unheated whole cowpea and its
cotyledon and testa within cultivar are presented in Table 12. In unheated

whole cowpea of 'Coronet,' no significant differences in condensed tannin
content was found among the 3 maturities. In 'Mississippi Silver' whole

cowpeas, tannin content was higher in MD than in MS or IG, and MS

yielded the lower amount of tannins. 'White Acre' whole cowpeas of IG
maturity yielded a greater amount of tannin than MS; tannin content of MD
was not different from that of the 2 other maturities. The highest tannin
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Table 1 l-F-ratios of absorbance of tannins extracted from whole cowpea,cotyledon, and

testa of cowpeas
Source of

Degree of

variation

freedom

Cotyledon

Whole cowpea

Testa

All cultivars included
Total

107

Cultivar(C)^

2

705.3 (O.OOOl)d

370.3 (0.0001)

6463.7 (0.0001)

Maturity(M)^

2

19.0 (0.0001)

262.8 (0.0001)

2409.5 (0.0001)

Process (P)^

1

645.6 (0.0001)

371.5 (0.0001)

5794.1 (0.0001)

CxM

4

17.2 (0.0001)

41.5 (0.0001)

555.9 (0.0001)

CxP

2

355.0 (0.0001)

80.3 (0.0001)

1517.6 (0.0001)

MxP

2

38.3 (0.0001)

39.5 (0.0001)

1068.0 (0.0001)

CxMxP

4

36.5 (0.0001)

31.3 (0.0001)

258.6 (0.0001)

Within cultivar

'Coronet'
Total

35

Maturity(M)b

2

7.28 (0.0027)

19.68 (0.0001)

4299.21 (0.0001)

Process (P)'^

1

42.29 (0.0001)

65.65 (0.0001)

7602.94 (0.0001)

MxP

2

0.70 (0.5024)

9.73 (0.006)

3205.13 (0.0001)

'Mississippi Silver
Total

1

35

Maturity(M)b

2

24.83 (0.0001)

190.85 (0.0001)

811.67 (0.0001)

Process (P)C

1

674.32 (O.OQOl)

320.15 (0.0001)

2410.72 (0.0001)

MxP

2

55.03 (0.0001)

63.10 (0.0001)

216.09 (0.0001)

'White Acre'
Total

35

Maturity(M)b

2

1.64 (0.2108)

81.94 (0.0001)

233.83 (0.0001)

Process (P)'^

1

17.61 (0.0002)

28.48 (0.0001)

424.79 (0.0001)

MxP

2

10.16 (0.0004)

5.66 (0.0082)

52.92 (0.0001)

^ Cultivars: Coronet, Mississippi Silver, and White Acre,

b Maturities: MD,mature dry; MS,mature succulent; IG,immature green.

^ Process: unheated and heated in water at 34.5 kPa for 30 min.

Values in parentheses indicate observed significance levels (p-values).
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Table 12—Effect of heating processing at 34.5 kPa on tannin contents of cowpeas and their
cotyledons and testa
Cuitivar

Maturity^

Heated

Unheated

-mg catechin equivalent/1(X) g(DWB)Whole cowpea
Coronet

Mississippi Silver

White Acre

3.8I3.5V

MD

24.6±6.0U

MS

3I.0±II.7"

17.118.6"v

IG

32.5±7.0u

17.516.5"v
5.713.3y

MS

I77.4±26.2u
I0I.3±8.0w

IG

143.I±II.2v

29.514.6y
57.8i7.3x

I4.I±I.8"v

11.512.0V

MS

I0.7±4.8v

10.018.0V

IG

22.1±5.4U

5.413.7V

MD

I3.7±3.8vwx

MS

21.2±4.2uv

IG

30.3±4.6U

MD

MD

Cotyledon
Coronet

Mississippi Silver

White Acre

5.416.IX
15.013.2vw
9.6I3.5WX

MD

19.3±5.9xy

MS

83.317.0"

8.912.3y
23.013.0x

IG

65.412.3V

37.319.0w

MD

MS

0.911.2^
21.514.4uv

IG

24.413.7"

O.III.4X
ll.615.iw
14.315.4vw

Testa
Coronet

MD

MS
IG

Mississippi Silver

White Acre

436.3i8.7w

MS

4645.51251.5"
2ilO.8llO2.3v

IG

2094.5193.1V

MD

MD

MS
IG

^

3049.2194.5"
752.9123.4V

169.016.3"
45.2114.8wx
90.319.2V

359.0111.7 w
177.8110.2X
176.2i4.4x

1564.4118.9W
733.7113.8X
77O.4il6.4x

58.0112.2W
12.915.8y
35.2i5.7x

Maturities: MD,mature dry; MS, mature succulent; IG,immature green.
Values represent mean ± S.D. of6 determinations. Means within cuitivar in individual
cowpea part with different superscripts are significantly different (p < 0.01).
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content in 'Mississippi Silver' cowpeas contributed to the dark brown color
and highest percentage of testa (see Fig. 3).
In the cotyledons of the 3 cultivars, all MS and IG cowpeas except
unheated MS 'Coronet' had a higher tannin content than MD cowpeas

(Table 12). In contrast, a higher tannin content was found in testa of MD

cowpeas than in testa of MS or IG cowpeas. This change might be due to
the translocation of tannins from cotyledon to testa during maturation.
The tannin content of whole cowpea was not equal to the sum of

tannin content in cotyledon and testa (Appendix O). This appears to prove

that the proteins in cotyledon interfere with tannin assay. Deshpande and
Cheryan (1985) extracted tannins from intact beans to reduce the tanninprotein interaction. However, only 10-20% of tannins were extracted in
absolute methanol for 48 hr. In the present study, extraction with testa only
reduced the variation caused by the complexing of tannins and protein.

Also, 1 g of sample was used in the present study to determine the tannin
content in testa which might have higher extraction efficiency than using 2
g in extraction (see Section 2-F).

Pressure heating and discarding the broth caused 60-85% loss of
tannins in whole cowpea, depending upon cultivar or maturity (Table 12).
Also, heating reduced tannin content by 42-72% in the cotyledons and 6088 % in the testa. The reduction of tannin content by pressure heating was

most obvious in those materials with high tannin such as 'Mississippi

Silver.' Heat treatments (drying 110°C for 31.5 min or 130°C for 25 min)

reportedly fractured the cell wall of cotyledon of cowpeas (Hung et al.,
1990). Greater fracturing of cells of the cotyledon might result in
reduction of extractable tannins in the less mature cowpeas. During
52

pressure heating, tannins were leached into the water. Discarding broth
caused a reduction of tannin. Oven or microwave heating of winged beans

without presence of water did not decrease tannin content (Kadam et al.,
1987).

According to Sievwright and Shipe (1986), storage conditions
affected the condensed tannin content of black bean {Phaseolus vulgaris).
When black beans were stored at 5°C and 50% relative humidity,

condensed tannins increased 16% over 6 months storage. However,

temperature was an important factor as condensed tannins increased during
the first 3 months and then declined 20% after 6 months at 40°C. The
increase of tannins in black beans stored at 5°C was due to the continued

development of tannins from tannin precursors. Some of the larger
molecular weight tannins reacted with macro-molecules such as protein,
thus producing unmeasurable tannins in the black beans during storage at
40°C. These changes in condensed tannins indicated that some physiological
activities occurred after harvest. In order to control or prevent such

changes in MD cowpeas, MD cowpea samples were stored at -23°C to
prevent post-harvest physiological activity.
F. Extraction Efficiency

Extraction efficiency of tannins was studied by extracting different

amounts of sample with 10 mL 0.1% acidified methanol (Fig. 7). Similar
patterns for decrease of extraction efficiency were found among testa of
cowpeas and black tea as the amount of sample increased. The extraction
efficiency was 3-6 fold higher in extraction of 0.1-g than 2-g samples in 10
mL solvent. In samples with relatively high tannin content such as tea or
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Figure 7-Effect of sample weight in 10 mL acidified methanol on

extraction efficiency of tannins in testa of three cultivars of cowpeas and
black tea.
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cowpea testa, the amount of sample influenced equilibrium in the solution
and caused different extraction efficiencies. Therefore, the tannin content

of high tannin-containing foodstuffs in different reports might not be
comparable without specification of the sample:solvent ratio.
Usually, in analysis of tannins with the vanillin-catechin reaction, 2-g
samples have been used or, in some cases, no reference to sample weight

was presented. The effect of amount of sample on extraction of tannins
from plant materials has not been studied. In present study (Section 2-C),
amount of sample was found to influence absorbance of the vanillin-tannin
reaction in black tea. Therefore, the author decided to investigate the

extraction efficiency. In Section 2-E, 2-g testa samples were extracted with
10 mL of solvent in a preliminary study. However, 2 g of testa consisted of
a relatively large volume and did not distribute well in the 10 mL solvent.

Therefore, 1-g samples of testa were used to extract tannins with 10 mL
solvent. However, this 1-g sample of testa did not show the highest

extraction efficiency. In this study of extraction efficiency, amount of

sample might be an important factor in some extraction pattems. It is
recommended that the control parameters of tannin analysis should include
the amount of sample.
3. Tannin Polymerization

Vanillin in glacial acetic acid (V) reacts with the terminal group of
the tannin polymer, while the leucoanthocyanidin test (LA) indicates the
total number of monomer units; therefore, the V/LA ratio should decrease

with increasing polymerization. Absorbance of V and LA and the ratio of
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V/LA were affected by cultivar, maturity, and their interaction (Table 13).
The interaction is presented graphically in Appendix P, Q, and R.
In all 3 cultivars, IG cowpeas had more terminal groups (V) than did
MS or MD cowpeas (Table 14). Thus, the tannins of these cowpeas

apparently polymerized during maturation (reducing the number of
terminal groups). At each stage of maturity, 'Mississippi Silver' had more
terminal groups than did 'Coronet' or 'White Acre' at the respective
maturity. This information is another conformation that 'Mississippi Silver'
contained greater amount of tannin.
In 'Coronet,' MD cowpeas had a greater concentration of monomers
(LA) than did MS or IG (Table 14). However, MD 'Mississippi Silver'

cowpea had a lower concentration of monomers than did MS or IG. In
'White Acre,' MD and MS cowpeas had lower concentrations of monomers
than did IG. Although V or LA tests provided some information of
polymerization, the V/LA ratio more aptly explained the degree of tannin
polymerization. In all 3 cultivars, polymerization increased (decreasing

V/LA ratio) during maturation; however, the amounts were not always
significantly different between some maturity levels. In MD cowpeas,

'Coronet' had a higher degree of polymerization (lower V/LA ratio) than
'Mississippi Silver' or 'White Acre.' The higher degree of tannin

polymerization may inhibit water permeability through the testa and into

the cotyledon, causing reduced water absorption and the hard-to-cook
defect.
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Table 13—F-ratios of absorbance of vanillin-glacial acetic acid (V), leucoanthocynidin (LA),

and vanillin-glacial acetic aciddeucoanthocynidin ratio(V/LA)of cowpeas at three stages of
mattirity
Source of

Degree of

variation

freedom

Total

LA

V/LA
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Cultivar(C)^

2

2205.3C

713.9

14.5

Maturity(M)^

2

1329.7

235.6

155.1

CxM

4

626.9

430.3

49.5

^ Cultivars: Coronet, Mississippi Silver, and White Acre,

b Maturities: MD,mature dry; MS,mature succulent; IG,immature green,
c All F ratios are significant(p < 0.0001).

Table 14—Absorbances of vanillin-glacial acetic acid (V) and leucoanthocynidin (LA)

reaction with tannins of cowpeas at three stages of maturity and(V/LA)ratio
Cultivar

Maturity^

LA

VA.A

Absorbance
Coronet

Mississippi Silver

White Acre

MD

0.011±0.00iy

0.028±0.004w

0.37±0.05z

MS

0.016±0.002y

o.oii±o.oo3xy

1.50±0.35y

IG

0.02610.002X

o.oo8±().o()iy

3.4()±0.2()v

MD

0.029±0.00ix

0.016±0.002x

1.82±0.19xy

MS

0.061±0.002w

0.026±0.002w

2.37±0.20w

IG

0.163±0.009v

0.069±0.003v

2.38±0.2iw

MD

o.oii±o.ooiy

0.007±0.00iy

1.49±0.12y

MS

o.oi5±o.ooiy

0.008±0.002y

1.88±0.37wxy

IG

0.032±0.002x

0.014±0.00IX

2.26±0.33wx

^ Maturities: MD,matitre dry; MS,mature succulent; IG,immature green,
v-z Values represent mean ± S.D. of 6 determinations. Means within columns with

different superscripts are significantly different(p < 0.01).
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4. Animal Test

A. Protein Efficiency Ratio (PER)

There was no significant difference in PER of casein among any

experimental groups of rats (Table 15). Similar body weight gain and
protein intake were found in the experimental groups of rats (Appendix S).
The levels or source of tannins had no significant effect on PER (Appendix
T). Thus, it was concluded that PER of casein was not affected by addition
of taimins, levels of tannins, or source of tannins.

It has been previously reported that tannins reduced the digestibility
of protein (Aw and Swanson, 1985) or slowed growth rate in rats
(Mehansho et al., 1985). In this study, cowpea or black tea tannins at 0.057,

0.171, or 0.570 mg/g diet did not influence the PER of casein. From the
absolute value, it appears that the high level of black tea tannin reduced the
PER of casein. Therefore, a higher level of tannin might reduce the PER
of casein. A diet with 5% tannic acid (approximately 100 times the highest

level used in present study) decreased mean body weight of mice when
compared to a control diet (Freeland et al., 1985a).
B.In vivo Apparent Digestibility

The experimental rats had similar total nitrogen intakes and fecal
nitrogen levels (Appendix U). Thus, no significant difference in apparent

digestibility was found among the experimental groups of rats (Table 16).
Milic et al.(1972) reported that in vitro activity of trypsin was inhibited by
condensed tannins in the absence of other proteins. The enzyme activity

might be more or less influenced by tannins in presence of other proteins
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Table 15—Protein efficiency ratios (PER) of casein of rats that consumed diet with low,
Experimental diet

PER

3.09 (2.50)b

Control

'Mississippi Silver*
Low^

3.18 (2.57)

Medium

3.12 (2.52)

High

3.11 (2.52)

Black tea
Low

3.18 (2.57)

Medium

3.18 (2.57)

High

2.97 (2.40)

^ Low, medium or high represent tannin levels of diet at 0.057, 0.171 or 0.570 mg
catechin equivalent/g diet.

^ Values represent mean 7 determinations. The values in parentheses indicate adjusted
PER values. Means are not significantly different(p > 0.05).

Table 16—/n vivo apparent digestibility of casein of rats that consumed diets with low,

medium or high levels of cowpea or black tea tannin during 11-18 days

Experimental diet

Apparent digestibility(%)

Control

93.44^

'Mississippi Silver'
Low^

92.86

Medium

92.90

High

92.62

Black tea

Low

93.04

Medium

92.97

High
93.50
^ Low, medium or high represent tannin levels of diet at 0.057, 0.171 or 0.570 mg
catechin equivalent/g diet.

^ Values represent mean of 7 determinations. Means are not significantly different
(p > 0.05).
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which had higher affinity for tannins. Tannins might react with digestive
enzymes and block the protein digestion, thus increasing nitrogen excretion
in feces. Moulay et al. (1988) found that tea infusion (2 and 4%) did not
increase fecal nitrogen in rats. In contrast, infusion of 2% tannic acid

solution increased fecal nitrogen. The different results might be that tannic

acid and tannin react differently in depressing the digestion and/or
absorption of proteins. The 3 levels and 2 sources of tannins in this study
did not affect the apparent digestibility of food (Appendix T).
C. Percentage of Liver and Liver Nitrogen

The percentages of liver weight and percentages of liver nitrogen of
rats did not significantly differ with diet (Table 17). Rats that consumed the

medium level of 'Mississippi Silver' tannins tended to have lower

percentage of liver weight and higher percentage of liver nitrogen than
other groups of rats.

There were no significant differences among percentages of liver
weight and percentages of liver nitrogen with levels or sources in tannins
(Appendix T). Nutrients including amino acids absorbed from small
intestine are transported by arterial blood to the liver cells. The liver cells
can store, metabolize, and transfer nutrients. If tannins influence the

digestion of protein, then the content of the amino acid pool in liver might
change. Marquardt et al. (1977) reported that liver size was decreased in
chicks fed diets with 4% condensed tannin from faba beans.
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Table 17—Liver weight and liver nitrogen content of rats that consumed diets with low,

medium or high levels of cowpea or black tea tannin over 28 days

Experimental diet

Liver weight^
—

Control

Liver nitrogen^
-%

4.98

2.61

Low^

4.91

2.54

Medium

4.38

2.70

High

4.78

2.64

Low

4.82

2.63

Medium

4.94

2.59

High

4.86

2^57

'Mississippi Silver*

Black tea

^ Low, medium or high represent tannin levels of diet at 0.057, 0.171 or 0.570 mg
catechin equivalent/g diet.

^ Values represent mean of 7 determinations expressed on liver weight/body weight
(WWB). Means within column are not significantly different(p > 0.05).

^ Values represent mean of7 determinations expressed on wet weight basis. Means within
column are not significantly different(p > 0.05).

D. Absorption of Minerals

The absorption of calcium and iron were affected significantly by the
experimental diet and period of feeding (Table 18). The interaction was

significant for both minerals. Absorption of magnesium was affected by
period of time only.
During the period of 11-18 days, the rats that consumed diets with
medium level of tannins from 'Mississippi Silver' cowpeas had a

significantly lower percentage of absorption of calcium than control rats
(Table 19 and Appendix V). However, there was no difference in
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Table 18—F-ratios of calcium, magnesium, and iron absorption of rats that consumed diets

with cowpea or black tea tannin for days 11-18 and days 26-27
Soiu-ce of

Degree of

variation

freedom

Total

Calcium

Iron

Magnesium

195

Diet(D)a

6

Period (P)^
DxP

3.43 (0.0031)C

2.51 (0.0236)

1.33 (0.2462)

1

57.31 (0.0001)

21.80 (0.0001)

33.28 (0.0001)

6

2.66 (0.0170)

12.28 (0.0001)

1.23 (0.2918)

^ Diets: control and 3 levels (low, medium or high) of cowpea or black tea tannin.

^ Periods: days 11-18 and days 26-27.
c Values in parentheses indicate observed significance levels (p-values).
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Table 19—Absorption of calcium, magnesium, and iron from diets with low, medium or

high levels of cowpea or black tea tannins fed to rats for days 11-18 and days 26-27
Calcium {%)
43.45vwxy

44.48VW

Low^
Medium

38.22vwxyz

40.33vwxyz

34.10Z

41.64vwxyz

High

35.04yz

44.16VWX

Low

35.9iwxyz

46.63V

Medium

35.14xyz

High

34.6iyz

44.94V
40.86vwxyz

Control

'Mississippi Silvef

Black tea

Iron (%)
36.30wxy

35.98wxy

Low^

41.43W

27.85Z

Medium

38.89WX
33.85wxyz

28.70yz
33.15xyz

Low

33.60wxyz

41.26W

Medium

33.67wxyz

High

37 39WX

32.06xyz
31.23xyz

Control

'Mississippi Silver"

High
Black tea

Magnesium (%)
66.95yz

69.68yz

Low^

64.37yz

66.89yz

Medium

63.90yz

66.48yz

High

62.53Z

70.2iyz

Low

62.78Z

Medium

63.79yz

67.75yz
70.78y

High

64.42yz

67.4iyz

Control

'Mississippi Silver'

Black tea

^

Low, medium or high represent tannin levels of diet at 0.057, 0.171 or 0.570 mg
catechin equivalent/g diet,

v-x Values represent mean of 14 determinations. Means within mineral with different
superscripts are significantly different (p < 0.01).
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absorption of calcium among the experimental rats for days 16-21. When

comparing the absorption in the 2 feeding periods, rats that consumed high
levels of 'Mississippi Silver' tannins or low or medium levels of black tea
tannins had a higher percentage of calcium absorption in days 26 -27.
For days 11-18, a difference (p < 0.001) in calcium absorption was

found in comparison of the control diet to diets with 'Mississippi Silver'
tannins and diets with black tea tannins (Appendix W). However, no
significant difference in calcium absorption occurred in any of the

comparisons of diets at 26-27 days. Apparently, the metabolism of the rats
was capable of making some adjustments by days 26-27, so that dietary
tannins did not interfere with calcium absorption.
Iron absorption was not affected by feeding dietary tannins during
11-18 days when compared with the control (Table 19 and Appendix V),
and only the diet with low level 'Mississippi Silver' tannins reduced iron
absorption from the control diet during 26-27 days. Differences in iron
absorption between time periods were found for 2 diets; values at 26-27
days for low and medium levels of 'Mississippi Silver' were lower than

respective values at 11-18 days. It appears that rats that consumed black tea

tannins had lower iron absorption than rats that consumed 'Mississippi
Silver' tannins at days 11-18. Indeed, a lower (p < 0.01) iron absorption

was found in the rats that consumed 'Mississippi Silver (Appendix W).
However, at 26-27 days, the results were just the opposite. Tannin,

however, is not the only factor to influence intestinal absorption of iron.
Sorghum tannins, reportedly, played a minor role in influencing iron
absorption (Radhakrishnan and Sivaprasad, 1980). Although decortication
of legumes reduced the tannin content and increased ionizable iron, the role
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of tannins in iron absorption was not as important as that of phytates (Rao
and Prabhavathi, 1982). Absorption values herein indicated that the

presence of tannin did not interfere with iron absorption until the latter
period.

Absorption of magnesium was affected by period of time (Table 18).
The mean percentage of magnesium absorption in days 11-18 was 64.11
which was significantly lower than 68.46 in days 26-27. Although
magnesium absorption of rats was not affected (p > 0.01) by diet (Table
19). Magnesium absorption in days 11-18 was reduced (p < 0.05) by
tannins from 'Mississippi Silver' cowpeas or black tea (Appendix W).
E. Mineral Content of Blood Plasma

None of the experimental diets had an effect on plasma magnesium
or calcium concentrations of rats (Table 20). Only the rats that consumed

the high level of black tea tannins had a higher (p < 0.01) plasma sodium
content than the control rats. It appears that the rats that consumed

'Mississippi Silver' or black tea tannins had higher (p < 0.05) calcium or
sodium concentration in plasma than the control rats (Appendix X).
Freeland et al. (1985b) and Mitjavila et al. (1977) reported that

intake of tannins depleted body sodium concentration of mice and increased
sodium excretion from rats. Although diets with 5% tannic acid caused

27% less total body sodium of mice when compared to a control diet,
tannins stimulated sodium appetites in herbivores (Freeland et al., 1985b).

These authors proposed that the appetites were caused by excessive
consumption of minerals other than sodium. The increased appetite for
sodium might increase amount of absorption, thus a higher sodium
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concentration in plasma would occur. Another explanation for this
occurrence is that increased plasma sodium is necessary to maintain the

sodium-potassium balance. Adrenal hypertrophy was found in mice fed a
diet with 5% quebracho tannins (Freeland et al., 1985b). Aldosterone, a
hormone of the adrenal cortex, is responsible for reabsorption of sodium

from the kidney tubules. It is not clear whether adrenal hypertrophy causes
an over-stimulation of aldosterone which affects sodium reabsorption.
Further research is needed to probe this relationship.

Table 20—Magnesium,calcium, and sodium concentration in plasma of rats that consumed
diets with low, medium or high levels of cowpea or black tea tannins during 28-day study

Experimental diet

Magnesium
—

Control

Calcium

Stxiium

parts per million

0.7029X

4.489^

3692.7y

Lowa

0.7886X

6.746^

4189.9xy

Medium

0.7686^

5.621"

4095.6>^y

High

0.737 IX

6.619X

4448.0xy

Low

0.677 IX

5.947X

3841.4xy

Medium

0.6514x

5.267X

3760.0y

'Mississippi Silver*

Black tea

a

High
0.8571X
7.454X
4822.ix
Low, medium or high represent tannin levels of diet at 0.057, 0.171 or 0.570 mg
catechin equivalent/g diet.

x»y Values represent mean of 14 determinations. Means within columns with different
superscripts are significantly different(p < 0.01).
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F. Mineral Content of Femur

There was no significant difference in ash or calcium contents of the
femur among the rats that consumed diets with or without tannins (Table
21). For magnesium, none of the diets with tannin produced a mineral level
different from that of the control diet. However, when one considers

absolute values, the magnesium content was higher from diets with
'Mississippi Silver' tannins and lower from diets with black tea tannins as

compared to the control. Indeed, the magnesium content of the femur was
affected by source of tannins (Appendix Y). Diets with 'Mississippi Silver'
tannin supplied a greater magnesium content than diets with black tea
tannins and the control diets; however, diets with tea tannins did not supply

less magnesium than the control diet. Elkin et al. (1978) reported that
dietary sorghum tannins fed to chicks might cause the legs to bow outward
and prevent the chicks from standing. In this study, the removed femurs
did not indicate bowing.

Average human consumption of tannins is approximately 400 mg/day
(Reddy et al., 1985). However, the amount varies in different parts of the

world ranging from 161 mg in the American diet to 2,500 mg in the India
diet. Tannin content in tea infusion varies with brewing time. The tea
solution brewed as stated in the present study contained 58.9 mg

tannins/100 mL. Therefore, consumption of 680 mL tea would contribute
to an intake of 400 mg tannins.
Tannic acid, different from condensed tannins, has been used as

tannin in most experiments. Up to 5% tannic acid was added to

experimental diets (Click and Joslyn, 1970). Singleton and Kratzer (1969)
reported that LD50 of mice was 6,000 mg tannic acid/kg body weight when
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Table 21—Percentage of ash and mineral contents of femur of rats that consumed diets with

low, medium or high levels of cowpea or black tea tannins over 28-day period
Experimental diet

Ash^

Calcium'^

Magnesium^

30.20*

14.16*

0.2728*y

Low^

30.89*

13.82*

0.2970*

Medium

31.08*

13.99*

0.2893*y

High

31.08*

13.75*

0.2936*y

Low

29.50*

13.65*

0.2697xy

Medium

30.45*

13.51*

0.2686y

High

30.73*

14.02*

0.2670y

Control

'Mississippi Silver'

Black tea

Low, medium or high represent tannin levels of diet at 0.057, 0.171 or 0.570 mg
catechin equivalent/g diet.
Values represent mean of 7 determinations expressed on percentage of femur(WWB).
Means within column with different superscripts are significantly different(p < 0.01).
Values represent mean of 14 determinations expressed on percentage of calcium or
magnesium of femur (WWB). Means within column with different superscripts are
significantly different(p < 0.01).
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administrated orally and 200 mg/kg body weight when administrated
subcutaneously. Based on a 20-g daily food consumption of a 200-g rat, 5%
tarmic acid contributed to an intake of 5,000 mg/kg body weight (NRC,

1972). This high intake of tannic acid is close to the oral LD50.
Considering these factors, condensed tannins were purified directly from
cowpeas or black tea in this experiment. Hagerman and Butler (1980) used
phenol in purification of tannin. However, liquefied phenol is toxic and can
result in digestive disturbances. Chronic exposure may cause liver damage
and neurological disorders. LD50 of rat has been reported as 414 mg

phenol/kg body weight (Anonymous, 1985) or 530 mg/kg body weight
(Singleton and Kratzer, 1969). Therefore, phenol was not used in
purification of condensed tannins in this study.
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CHAPTER V

SUMMARY AND CONCLUSIONS

The objectives of this research were to determine optimal conditions

for tannin extraction and analysis in cowpea and black tea, to investigate
the processing effect on the tannin content of the whole cowpea and
cotyledon and testa of the cowpea and to evaluate nutritional influences of
tannins on PER, in vivo apparent digestibility, liver weight, mineral
absorption, and ash and mineral contents of femur on weanling rats that
consumed tannins from 'Mississippi Silver' cowpea and tea.

Cowpeas of Coronet, Mississippi Silver, and White Acre cultivars
were harvested at 3 maturities: immature green (IG), mature succulent
(MS), mature dry (MD). The hulls were removed, 10 and MS were
blanched in boiling water 2 min, and the blanched IG and MS and
unblanched MD cowpeas were packaged, frozen and held at -23°C. Color

was determined on the cowpeas before freezing.
Blanched IG and MS and unblanched MD were thawed and heated at

34.5 kPa for 30 min in water. Tannin content was measured by the
vanillin-HCl procedure. The cotyledon:testa ratio and degree of tannin
polymerization in unheated cowpeas of 3 cultivars and maturities were
measured. MD cowpeas were held in deionized water at 24°C for up to 8

hr to determine hydration coefficient. MD cowpeas and tea were used for
the following measurements. Acidified methanol (0.1% conc. HCl) was
compared to absolute methanol as solvents for extracting tannin. Materials

of 20- and 60-mesh size were extracted to determine the effect of particle
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size on extractability of tannin. Also, 0.1-2 g testa samples of MD cowpeas
or tea of 20 mesh were extracted with acidified methanol.

Extracted tannins of MD 'Mississippi Silver' and tea were added to

diets and fed to 7 groups of 7 rats each. Protein efficiency ratio (PER), in

vivo apparent digestibility, nitrogen excretion, liver weight, or nitrogen
content of liver, absorption of calcium, magnesium, and iron, blood plasma
mineral content, and mineral content of femur were measured.

From this study, the following conclusions may be made:

1. Hunter L (lightness) of IG cowpeas was similar to either MS or MD or

both. Blanching reduced lightness of MS and IG cowpeas. Hunter 'a'
(greenness) was lost as the cowpeas matured. Blanching intensified
greenness in some cases. Hunter 'b' value (yellowness) was lost with
maturity, and blanching reduced yellowness for some groups of
cowpeas.

2. Cotyledonitesta ratios indicated that 'Mississippi Silver' had the greatest
proportion of testa, and 'White Acre,' the lowest proportion.

3. Hydration coefficient determination found that 'White Acre' absorbed
the greatest amount of water initially to 4 hr; little difference was found
among cultivars from 4 to 8 hr.
4. Acidified methanol extracted a greater amount of tannins from 'White

Acre' and tea than absolute methanol. Type of solvent had no effect on
tannin extractability of the 2 other cultivars of cowpeas.

5. In some cases, a greater amount of tannin was extracted from the
smaller particle size (60 mesh).

6. 'Mississippi Silver' contained the highest level of tannin while 'White
Acre' contained the lowest. In general, on a unit basis, whole cowpea
71

and its testa of MD maturity contained greater amounts of tannins than
these materials of the other maturities. Heating reduced tannin content

by 60-85% in the cowpeas. During heating, tannins were leached into
the water which was discarded.

7. Extraction efficiency of tannins increased as the amount of sample
extracted with 10 mL solvent decreased.

8. The tannin of cowpeas increased in degree of polymerization as they
advanced in maturity.

9. According to the feeding experiment, levels of tannin of 'Mississippi
Silver' or tea did not affect PER, growth rate, in vivo apparent

digestibility, nitrogen excretion, liver size, or nitrogen content of liver.
Absorptions of calcium and iron were affected by tannins. None of the
experimental diets had an effect on magnesium or calcium content of
plasma or ash or calcium content of femur.
Among the 3 cultivars of cowpeas, MD 'White Acre' with its white
testa possessed the lowest percentage of testa and least amount of tannins
and exhibited the shortest time to reach the saturated hydration.

'Mississippi Silver' with its dark testa had the highest testa content and

highest tannin content. Although dehulling reportedly reduced a high
proportion of tannins in a variety of foods, dehulling also removes some

dietary fiber, vitamins, and minerals in the testa. Pressure heating under
34.5 kPa and discarding the broth reduced tannin content by 42-88%.

Apparently, some nutrients were discarded also. From the standpoint of
nutrition quality, dehulling is not necessary for the low-tannin containing
'White Acre' cowpeas; as a result, consumption of 'White Acre' would

increase the intake of nutrients existing in the testa. Also, 'White Acre'
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cowpeas had advantages of less cooking time, reduced loss of nutrients
during heating, and less energy used during preparation. Consequently,
'White Acre' cowpeas might be ideal for commercial processing and home

cooking; however, cultural practices and yields must be considered.
Further research is needed to develop cultivars with genetic stability for
tannin-free or low tannin content.

In cotyledon material, IG and MS cowpeas had a higher tannin
content(DWB)than did MD. In contrast, MD cowpeas had a higher tannin
content in testa than IG or MS. The reason for this change is unclear, thus

further investigations are required to gain an understanding of the
mechanism. The ratio of sample-to-solvent is very important in extraction
and determination of condensed tannins. The amount of sample influenced

the equilibrium during extraction; thus, the extractability of tannins
increased as the ratio decreased. Results suggested that selection of suitable

conditions and parameters to quantify tannins may be needed. Also,
selected conditions and parameters might vary for different foodstuffs.

Although tannins or tannic acid reportedly influence the nutritional
quality of legumes, in this study, purified cowpea tannins and black tea
tannins at 0.057, 0.171, or 0.570 mg/g diet did not affect protein and
mineral metabolism. As calcium and iron absorption were affected by

tannins, it seemed that metabolism of the rat can adjust its mineral

absorption. Tannins purified from 'Mississippi Silver' had a different effect
from black tea tannins on the iron absorption. It may be due to the
difference or amount of components in the category of tannins. Further
research should investigate the tannin profile on these nutritional concems.
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APPENDIX A. Cubicle Cleaning Schedule

Week:

CUBICLE CLEANING SCHEDULE

Monday

Tuesday

Wednesday

Thursday

Friday

Change Cage
Water or Check

Feed or Check

Change Feeder
Turn Rack

Change Pans
Wipe off Shelves
Vacuum Floor

Mop
Clean Cubicles

The water bottles are changed on Monday, Wednesday,and Friday.
The water bottles are checked every day and the half-full ones are changed.
Feed is changed on Wednesday,Friday, and Sunday.
Feed is checked every day and feeders refilled as nectlcd.
The pans are changed on Wednesday and Sunday.

Facility is vacuumed and mopped on Wednesday.
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Saturday

Sunday

APPENDIX B,Percentage of Amino Acids in ANRC Reference Casein
Ingredient

Protein(%)

Glutamic acid

20.8

Proline

12.1

Leucine

8.8

Lysine

7.4

Aspartic acid

6.5

Serine

5.6

Valine

5.6

Tyrosine

5.1

Isoleucine

4.8

Phenylalanine

4.8

Threonine

3.9

Arginine

3.6

Alanine

2.8

Histidine

2.5

Methionine

2.5

Glycine

1.7

Tryptophan

1.1

Cysteine

0.3

Source: ICN Biochemicals, Cleveland, OH.
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APPENDIX C. Composition of AIN Mineral Mixture 76

Composition

g/kg mixture

Calcium phosphate dibasic(CaHP04)

500.0

Potassium citrate monohydrate
(H0C(C00K)(CH4C00K)4H20

220.0

Sucrose, finely powdered

118.0

Sodium chloride(NaCl)

74.0

Potassium sulfate(K2SO4)

52.0

Magnesium oxide(MgO)

24.0

Ferric citrate (16-17% Fe)

6.0

Manganous carbonate(43-48% Mn)

3.5

Zinc carbonate(70% ZnO)

1.6

Chromium potassium sulfate [CrK(S04)2 l2H20]

0.55

Cupric carbonate (53-55% Cu)
Potassium iodate(KIO3)

0.3
0.01

Sodium selenite(Na2Se03-5H20)

0.01

Source: ICN Biochemicals, Cleveland, OH.
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APPENDIX D. Composition of AIN Vitamin Mixture 76
Composition

wt./kg of mixture

Sucrose, finely powdered

971.4

g

20.0

g

Nicotinic acid

3.0

g

D-Calcium pantothenate

1.6

Retinyl palmitate (Vitamin A)(250,(XX)lU/g)

g

1.6

g

DL-a-Tocopherol acetate(250 lU/g)

Pyridoxine hydrochloride

700.0

mg

Thiamine hydrochloride

600.0

mg

Riboflavin

600.0

mg

Cholecalciferol(vitamin D3)(400,000 lU/g)

250.0

mg

Folic acid

200.0

mg

20.0

mg

Menaquinone (vitamin K)

5.0

mg

Cyanocobalamin (vitamin B-12)

1.0

mg

P-Biotin

Source: ICN Biochemicals, Cleveland, OH.
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APPENDIX E. Diluent and Dilution of Analysis of Selected Minerals in
Feces, Femur, and Plasma

Analyte

Sample dilution

Diluent
Feces

Ca2+

0.5% LaCl3

10|iL sample + 10,000|iL diluent

Mg2+

0.5% LaCl3

30|iL sample + 2,970|iL diluent

Fe2+

0.5% NaCI

100|iL sample + 2,400|iL diluent
Femur

Ca2+

0.5% LaCl3

Mg2+

0.5% LaCl3

10|iL sample + 10,000|iL diluent
200|iL sample + 3,800 pL diluent
Plasma

Ca2+

0.5% LaCl3

400|iL sample + 1,600 pL diluent

Mg2+

0.5% LaCl3

50 pL sample + 1,950 pL diluent

Na+

distilled/deionized H2O

40 pL sample + 7,960 pL diluent
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APPENDIX F. Hunter L Values of Three Cultivars of Cowpea at Three
Maturities: MD, Mature Dry; EMS and BMS, Fresh and Blanched Mature
Succulent; FIG and BIG, Fresh and Blanched Immature Green

Hunter L value
-Q—

Coronet

•

White Acre

60t

Mississippi Silver

50-

40

—I—

MD

BMS

FMS

Maturity

94

FIG

BIG

APPENDIX G, Hunter 'a' Values of Three Cultivars of Cowpea at Three
Maturities: MD, Mature Dry; FMS and BMS, Fresh and Blanched Mature
Succulent; FIG and BIG, Fresh and Blanched Immature Green

Hunter 'a' value

10 1

Coronet

Mississippi Silver
White Acre

MD

FMS

BMS

Maturity

95

FIG

APPENDIX H. Hunter 'b' Values of Three Cultivars of Cowpea at Three

Maturities: MD, Mature Dry; FMS and BMS, Fresh and Blanched Mature
Succulent; FIG and BIG, Fresh and Blanched Immature Green

Hunter 'b' value
Coronet

Mississippi Silver
White Acre

MD

BMS

FMS

Maturity
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FIG

BIG

APPENDIX 1. Mean Cotyledon:Testa Ratios of Mature Dry and Blanched
Mature Succulent and Immature Green Cowpeas
Cultivar

Maturity^

Cotyledon:testa ratio
Cultivar

Coronet

8.77c

Mississippi Silver

7.34d

White Acre

9.90b
Maturity
MD

10.91m

MS

7.99"

IG

7.12"

Cultivar x Maturity
Coronet

Mississippi Silver

White Acre

^

11.20W

MD
MS

8.07xyz

IG

7.05xyz

MD

8.84xy

MS

6.92yz

IG

6.29Z

MD

12.70^

MS

8.99X

IG

8.0ixyz

Maturities: MD,mature dry; MS,mature succulent; IG,immature green,

b-d Values represent mean of 6 determinations of 3 stages of maturity. Means with
different superscripts are significantly different(p < 0.01).
Values represent mean of 6 determinations of 3 cultivars. Means with different

superscripts are significantly different (p < 0.01).
w-z Values represent mean of 2 determinations. Means with different superscripts are
significantly different(p < 0.01).
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APPENDIX J. Hydration Coefficients of Mature Dry Cowpeas
Time (hr)

'Coronet'

'Mississippi Silver'
g water/100 g cowpeas

'White Acre'
—

0.5

19.77"

19.67W

51.40^

1

40.87V

52.33X

73.27^

2

73.87W

83.03y

93.53*

3

92.87*

96.93yz

4

102.47y

104.67Z

104.60yz

8

111.93^

114.47Z

109.60Z

100.27*y

"■z Values represent mean of 3 determinations. Means within columns with different
superscripts are significantly different (p < 0.01).
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APPENDIX K. Standard Curve of Condensed Tannin Expressed in
Catechin Equivalents

Absorbance

0-6-1 y = 0.0066466 + 0.46670X R2= 0.997
0.5 -

0.4 -

0.3 -

0.2-

0.1 -

0.0
0.0

—«—I—*—I—'—I—'—r-1

0.2

0.4

0.6

0.8

Catechin (mg/mL)
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1

1.0

'

1

1.2

APPENDIX L. Effect of Heat Processing at 34.5 KPa on Tannin Contents
of Three Cultivars of Whole Cowpea: MD, Mature Dry; MS, Mature
Succulent; IG, Immature Green
Catechin equivalent
(mg/100 g)
Unheated Coronet

40 T

Heated Coronet

30-

20-

10 -

0

1

MD
200-1

'

MS

—I—

IG

Unheated Mississippi Silver
Heated Mississippi Silver

100-

MD

MS

IG

30 1
Unheated White Acre
Heated White Acre

20 -

10 -

MD

MS

Maturity

100

IG

APPENDIX M. Effect of Heat Processing at 34.5 KPa on Tannin Contents

of Three Cultivars of Cowpea Cotyledon: MD, Mature Dry; MS, Mature
Succulent; IG, Immature Green
Catechin equivalent
(mg/100 g)
40 1
Unheated Coronet
Heated Coronet

30 -

20 -

10 -

0
MS

MD

100-

•

IG

Unheated Mississippi Silver
Heated Mississippi Silver

8060-

4020 -

0-J

I

1

MD

30 1

MS

IG

Unheated White Acre
Heated White Acre

20

10 -

MD

MS

Maturity
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G

APPENDIX N. Effect of Heat Processing at 34.5 KPa on Tannin Contents
of Three Cultivars of Cowpea Testa: MD, Mature Dry; MS, Mature
Succulent; IG, Immature Green
Catechin

equivalent

j^/100 g)

Unheated Coronet

3000 -

Heated Coronet

2000-

1000 -

0

—T"

MD

5000 -

MS

IG

Unheated Mississippi Silver
Heated Mississippi Silver

40003000 2000
1000

0

—T"

MD

MS

IG

2001

Unheated White Acre
Heated White Acre

100"

MD

1

1—

MS

IG

Maturity
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APPENDIX O, Tannin Content of Whole Cowpea with Tannin Content of
Cotyledon and Testa as Proportional Amount in Whole Cowpea
Whole

Cultivar

Proportion of whole cowpea

Maturity^ cowpeasl^ Cotyledon^ Testa^

Cotyledon
—

Coronet

Testa

-%

MD

24.6

12.6

249.7

91.81

8.19

MS

31.0

18.8

83.6

88.90

11.10

IG

32.5

26.6

54.2

87.58

12.42

MD

177.4

17.4

472.0

89.84

10.16

MS

101.3

72.8

266.6

87.37

12.63

IG

143.1

56.4

287.4

86.28

13.72

MD

14.1

0.8

12.3

92.70

7.30

MS

10.7

19.3

4.5

89.99

10.01

IG

22.1

21.7

10.0

88.90

11.10

Mississippi Silver

White Acre

^

Maturities: MD,mature dry; MS, mature succulent; IG,immature green.

^

Values represent mg catechin equivalents/100 g cowpeas(DWB),n=6.

^

Values represent mg catechin equivalents/proportional amount of 100 g cowpeas
(DWB), n=6.
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APPENDIX P. Absorbances of Vanillin-Glacial Acetic Acid Reaction with

Tannins of Whole Cowpeas at Three Stages of Maturity: MD, Mature Dry;
MS, Mature Succulent; IG, Immature Green

Absorbance

0.21
Coronet

Mississippi Silver
White Acre

0.1-

0.0'
MD

MS

Maturity

104

IG

APPENDIX Q. Absorbances of Leucoanthocynidin Reaction with Tannins
of Whole Cowpeas at Three Stages of Maturity: MD, Mature Dry; MS,
Mature Succulent; IG, Immature Green

Absorbance

0.08 T

Coronet
0.06-

Mississippi Silver
•

White Acre

0.04-

0.02-

0.00

—I—

MD

MS

Maturity

105

IG

APPENDIX R. Ratio (V/LA) of Absorbances of Vanillin-Glacial Acetic

Acid (V) and Leucoanthocynidin (LA) Reaction with Tannins of Whole
Cowpeas at Three Stages of Maturity: MD, Mature Dry; MS, Mature
Succulent; IG, Immature Green

Ratio (V/LA)
4t
Coronet

Mississippi Silver

3-

White Acre

2-

1-

—I—

1

I

MD

MS

IG

Maturity
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APPENDIX S. Weight Gain and Protein Intake for Determination of
Protein Efficiency Ratio^
Experimental diet

Weight gain

Protein intake
-g-

Control

126.27±14.35

40.78+3.30

Low

130.77±14.12

41.02±3.25

Medium

125.99±14.82

40.23±3.22

High

128.73± 8.72

41.45±2.79

Low

130.86±14.93

41.03±2.97

Medium

129.34±18.38

40.56±3.33

High

117.62±12.00

39.90±6.81

'Mississippi silver'

Black tea

^ Values represent mean ± S.D. of 7 determinations.

107

APPENDIX T. Comparison of Protein Efficiency Ratio (PER) of Casein,
In vivo Apparent Digestibility (AD), Liver Weight (LW), and Liver
Nitrogen (LN) of Rats That Consumed Diets with Cowpea or Black Tea
Tannins^

Parameter comparison

PER

AD

LW
- %

LN
-

—

Control^ vs 'Mississ^Silva''' 3.09 vs 3.14 93.44 vs 92.80 4.98 vs 4.69 2.61 vs 2.63
Control^'vs Tea^

3.09 vs 3.11 93.44 vs 93.17 4.98 vs 4.87 2.61 vs 2.60

'MssissippiSflvefC vs Tead

3.14 vs 3.11 92.80 vs 93.17 4.69 vs 4.87 2.63 vs 2.60

Low® vs Mediumf level

3.18 vs 3.15 92.95 vs 92.93 4.87 vs 4.66 2.58 vs 2.64

Low® vs Highg level

3.18 vs 3.04 92.95 vs 93.06 4.87 vs 4.82 2.58 vs 2.60

Mediumf vs HighS level

3.15 vs 3.14 92.93 vs 93.06 4.66 vs 4.82 2.64 vs 2.60

^

Values represent mean PER, AD,LW, and LN of specified parameters: none of the
comparisons is significantly different(p > 0.05).

b

n=7.

c,d n=21;represents combination of 3 levels of each tannin source.
®'g n=14; represents combination of 2 tannin sources of each level.
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APPENDIX U. Nitrogen Intake and Nitrogen in Feces for Determination

of In vivo Apparent Digestibility during 11-18 Days^
Experimental diet

Total nitrogen intake

Total nitrogen in feces
-mg-

1,675.8±123.4

109.317.2

Low

1,662.1±146.0

118.1122.0

Medium

1,626.1±222.2

114.6120.5

High

1,681.7±144.9

123.819.4

Low

1,682.1±170.2

116.7112.3

Medium

1,642.2±131.9

115.6111.9

High

1,569.11194.2

102.6119.1

Control

'Mississippi silver'

Black tea

^ Values represent mean 1 S.D. of 7 determinations.
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APPENDIX V. Absorption of Calcium and Iron from Diets with Cowpea

or Black Tea Tannins Fed to Rats for Days 11-18 and Days 26-27. C,
Control Diet; ML, MM, and MH, Diets with 'Mississippi Silver'-derived
Tannins at Low, Medium, and High Level; TL, TM, and TH, Diets with
Tea-derived Tannins at Low, Medium, and High Level

Calcium (%)
50

M Days 11-18
B Days 26-27

40

30-

III

20-

10 -

wS

0
ML

MM

MH

TL

TM

Experimental diet

Iron (%)

H Days 11-18
0 Days 26-27

50-1
40

30

:x:x

20-1

i

10
...li.

m

0
ML

MM

MH

TL

Experimental diet
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APPENDIX W. Comparison of Mean Absorption of Calcium, Magnesium,
and Iron from Diets with Cowpea or Black Tea Tannins Fed to Rats for
Days 11-18

Parameter

Days 26-27

Calcium {%)

Controll' vs 'Mississippi Silver''^
Controll' vs Black tead

43.45 vs 35.79***
43.45 vs 35.22***

44.48 vs 44.14ns

'Mississippi Silver'^ vs Black tead

35.79 vs 35.22ns

42.04 vs 44.14ns

44.48 vs 42.04ns

Lx)w® vs Mediumf level
Low® vs HighS level

37.07 vs 34.62ns

43.48 vs 43.29ns

37.07 vs 34.82ns

43.48 vs 42.5ins

Mediumf vs HighS level

34.62 vs 34.82ns

43.29 vs 42.5ins

Magnesium (%)

Controll' vs 'Mississippi Silver'®

66.95 vs 63.60*

69.68 vs 67.86ns

Control'' vs Black tead

66.95 vs 63.66*

69.68 vs 68.65ns

'Mississippi Silver'® vs Black tead

63.60 vs 63.66ns

67.86 vs 68.65ns

63.58 vs 63.85ns

67.32 vs 68.63ns

63.58 vs 63.47ns

67.32 vs 68.8ins

63.85 vs 63.47ns

68.63 vs 68.8ins

Low® vs Mediumf level
Low® vs HighS level

Mediumf vs HighS level

Iron (%)

Control'' vs 'Mississippi Silver'®

36.30 vs 36.85ns

35.98 vs 29.90***

Control'' vs Black tead

36.30 vs 34.89ns

35.98 vs 34.85ns

'Mississippi Silver'® vs Black tead

36.85 vs 34.89**

29.90 vs 34.85***

Low® vs Mediumf level

37.52 vs 36.28ns

34.56 vs 30.38**

Low® vs HighS level

37.52 vs 35.62ns

34.56 vs 32.19ns

Mediumf vs HighS level

36.28 vs 35.62ns

30.38 vs 32.19ns

T MAuwo

iiivuii

wttiv^iuiii, uia^ii^diuiii, aiiu iiuii auduipiiuii ui

specified parameters, ***p < 0.001, **p < 0.01, *p < 0.05, ns = not significant (p >
0.05).

^

n=14.

c,d n=42; represents combination of 3 levels of each tannin source.
n=28; represents combination of 2 tannin sources of each level.
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APPENDIX X. Comparison of Mean Mineral Concentration in Plasma of

Rats That Consumed Diets with Cowpea or Black Tea Tannins over 28-day

Study Period^
Parameter

Magnesium

Calcium

Sodium

-parts per million—

Control'' vs 'Mississ^SiKei'^

0.703 vs 0.765ns

4.49 vs 6.33*

3692 vs 4245

Controll* vs Black tead

0.703 vs 0.729ns

4.49 vs 6.22*

3692 vs 414ins

'Mssiss^pSHvefC vs Black tead

0.729 vs 0.765ns

6.33 vs 6.22ns

4245 vs 414ins

Low® vs Mediumf level

0.733 vs 0.7ions

6.35 vs 5.44ns

4016 vs 3928ns

Low® vs HighS level

0.733 vs 0.797ns

6.35 vs 7.04ns

4016 vs 4635

Mediumf vs Highg level

0.710 vs 0.797ns

5.44 vs 7.04*

3928 vs 4635

^

Values represent mean magnesium,calcium, or sodium concentration (ppm)in plasma
of parameter, ***p < 0.001, **p < 0.01, *p < 0.05, ns = not significant (p > 0.05).

b

n=14.

c,d n=42; represents combination of 3 levels of each tannin source.
®'8 n=28; represents combination of 2 tannin sources of each level.
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APPENDIX Y. Comparison of Mean Mineral Contents of Femur of Rats

That Consumed Diets with Cowpea or Black Tea Tannins over 28-day
Study Period^
Parameter

Ash

Calcium

Magnesium

Control'' vs 'Mssiss^SiKa'C 30.20 vs 3LOIN'S

14.16 vs 13.85ns 0.273 vs 0.293**

Control'' vs Black tead

14.16 vs 13.73ns 0.273 vs 0.268ns

30.20 vs 30.23"^

'Mississ^Silva'C vs Black tead 31.02 vs 30.23"^
Low® vs Mediumf level
30.11 vs 30.77"^

13.73 vs 13.75ns 0.283 vs 0.279ns

Low® vs Highg level

30.11 vs 30.91

Mediumf vs HighS level

30.77 vs 30.91"^

13.73 vs 13.89ns 0.283 vs 0.280ns

^

13.85 vs 13.73ns 0.293 vs 0.268***

13.75 vs 13.89ns 0.279 vs 0.280ns

Values represent mean percentage of ash, calcium, or magnesium of femur(WWB)of
parameter, ••♦p < 0.001, *»p < 0.01, ns = not significant (p > 0.05).

'' n=7 for percentage of ash; n=14 for percentage of calcium or magnesium.
®'d n=21 for percentage of ash; n=42 for percentage of calcium or magnesium; represents
combination of 3 levels of each tannin source.

®'8 n=14 for percentage of ash; n=28 for percentage of calcium or magnesium; represents
combination of 2 tannin sources of each level.
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